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PHYSIOPATHOLOGY AND PATHOLOGY OF AFFECTIONE OF
THE SPINE IN AEROSPACE MEDICINE

Roland-Paul Delahaye, Roger Pannier, Henri Scris, Robert Auffret,
Raymond Csrrd. Henry Mangin and Marie-Joad Teyssandier

1. IMPORTANCE: OF THE PROBLEM

To the practitioner o Aviation Medicine who daily encounters problems of spi:lal pathology in flylr.g personnel,
the contradictory opinions in the literature .re not particularly helpful. Therc nas furthermore been no recent
aynthesis of the problem to comment upon the new syndromes and npncl,.l injuries ti-at have been identilied in the
past fifteen years: for example chronic pain in parachutists, spipitl fractures irt aircrer who have ejected and
lumbothoracic pain in helicopter pilots.

The frequent ccurrence of lumbar pain in the 19S7 man. and the use of X-ras and tomographic techniques,
have given a better understanding of spinal diseases and have been the subject of numerous communications in
orthopaedic. radiological and rheumrtological congresses, In addition, reports fro.i Aviation Medicine Researeh
Establlshments and from clinical sources have stresied the pathogenenis and prophylaxis in accidents, and have
also described the common clinical picture.

bhis report, produced under the direction of Professor Delahye. Is the work of a team from the Aviation
Medicine and Electrorwlloogy Departments of the Dominique-Larrey AriV Teaching Hospital at Versailles; froA the
Principal Centre for Specialist Medical Examinations of Flying Personnel in Paris (Oe); from tne Aerospace
Medical Laboratory at the Flight Trials Centre at Bretigny-sur-Orge. and from the Group on Studies and Research
in Radiology in Parls.

A brief statement of the factors of aggression In flight and a quick remiider of vertebral anatomy 'sill be
necessary to understand the various aspects of spinal conditions Ic aviation medicine. This study will consist
of three parts of vrying importance.

By reason of their frequency, different etiologies, symptooatology and their devel:pment, injuries merit
special attention. We shall give particular attention to the affections of posture since this is a i:et problem
with many unknown facets such as etioloQ and development. The acquIred spinal conditions, especially in older
pilots, also merit ,pecial consideration since they call for particular care in regard to invsgtIgat.oo and
treatment.

2. AGGRESSIVE FACTORS Ir FLIGHT

These are many but can be grouped Into two cat sories - first, the usual factors inherent W0l flight, for
example, vibration and accelerations of long dur. -n. and secondly, accident factors such as ejections or c-.sh
landings which subject the skeleton to considerabie .'orces but of very short duration,

2.1 Inherent Factors in Fligbt

2.1.1 Vibration

Vibration is a constant factor to which the pilot is subjected from the startin2 up of hie hircraft and
throughout the flight. The higheat freqencies hsve their origin in the aircraft engines or. in geceral. in
any moving mechanical elements, while the very low frequency vibrations (below 20 Hz) are caused -WtalY by tur-
bulence of sprodynamic origin, They are yery difficult to eliminate (Lnlike those of htigh freuency) pod are
particularly dangerous. The subjective tolerance for short duration vertical vibration is shown in Figure 1.

2.i.2 The Accleratios

The accelerations are caused hr changes in the speed or direction of the aircraft. Acceleration derived from
speed is expressed in meters per necond per second. However, in current practice te unit "al" I uad, this
being the acceleration due to gravity (9.81 a/sec2 ).

The choice of expressions used to describe the direct.on of the vector having an influence on man, In a man-
machine complex, depends upon the choice of reference point. AW.JD has attempted to put some order into the
many systems employed, some of wlich take the movement of the aircraft es reference, others that of the pilot.
while otheis again note only the forces of inertia and their effnects.
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Tv shows the relationship between aircraft end pilot axes according to AGAMD. Note that the Z vector

for i. and for pilot are of opposite sign thus 4flz accelerations sive rise to a force of inertia in the
head t, direction which tends to push the pilot Into his seat and to compress the spine. It is possible
that sucA, repeated ' sicrotrauma" may play a part in the deterioration of the vertebral axis. It is ottn when
practicing aerobatics .that there appear the first thoracic or lumbar pain of a vertebral arthrosis which had up
till then been latent.

The transverse accelerations : at right argles to the vertebral axis, and are designated by the letters Ox.
They are much less dangerous than the preceding accelerations.

Tolerance to these in high, and in astronautics it is to t is type of acceleration that cnsmonauts are sub-
Jected on blast-off and on re-entry into the atmosphere.

In aviation the accelerations reach high levels during certain manoeuvres such as tight turns, pull-out from
a dive, catapult launching, and dock landing. In ejections, accelerations approach the limits ou: the human body's
tolerance and unfortunately often exceed it in a crash landing. Some of the other hases of flight in which one
encounters other problems of acceleration are:

(a) putting out firbrakes;

b) lighting after-burnerg;

(c) low 3peed spins.

Theae various accelerations comonly encountered in flight can exist as combinations of longitudinal and of
trarnaverst types and are of moderate intensity but of long duration (greater than one second).' Figures 2 to 6
give the tolerance levels for the various types of acceleration.

2.2 Accideotal Factors

-2.2.1 Ejections

Escape from an aircraft flbing at high speed is possible only by means of an ejection seat which, as a result
of the application of a force sufficient to give it a sharp acceleration, (greater than 15g but of short duration
(200-400 milliseconds)) exerts a force initially in the longitudinal body axis in the foot to head direction.

The force then becomes comlex as a result of the turning of the seat in its trajectory.

After separatlon of the pilot from the seat it must not be forgotten that he becomes a parachutist and that
he is then subjected first to the opening shock of the canopy (8 to 10 g for one second) and then to possible
in.ury on landing. This is all the more frequent since, first, the pilot is not a trained parachutist, secondly
the canopy area is roduced and thirdly the pilot weighs much more because of the survival pack dangling from
his harness. A further hazard Is of course introduced by the fact that tUlke a parachutist the escaping or
ejecting pilot cemot choose his .jumping zone,

2 2. 2 Forced/.anding

In the course of i fore. 1-nding awow from runways, the pilot is subjected to complex decelerations of very
high intensity (100 *, or .ple) but of very short duration measured in milliseconds. It should be noted that
a crash landing cen ro Ionger be attempted with modern fighter aircraft by reason of the high stalling speed.
In the case of total engine failure the aircraft wast therefore be put into a steep dive so as to keep flying.

In summary, the ptirot'a spine is subjected to two kinds of aggression - first that of relatively low intensity
whose effects rosemblc thoso observed in metnl fatigue (fatigue des matdrioux), secondly unusual stress (ejection
or crash landing) of very high intensity, which can hazard the mechanical resistance of the spine since it van

cause fractures.

3. GENERAL FEATURES OF VERTEBRAL ANATONT

Before tackling the clinical and radiological study of the spinkl conditions in aerospace medicine, It is
necessary to recall a few general matomical features Swie of the elementary facts however, such as morphe-
loxical deacriptions and variations according to level io the spine will, however, not be considered. We shall
on t;, other had stress three es.senti&l points:

the general appearance of the dorsolumbar spine;

the means of intravertebral linice:

t.e vertebrPl structzre.

3. Geser ~t Amearmnce of tha Lumbxsacral Spine

The vertebral column which has an "' &::ped curv..ture adopted to the standing position, comprises a dorsal
segment witn a backward convexity and e cervical and lumbar segment with an anterior convexity.
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In man, one ,an disttngui.b both anatomically and physiologically, two segment- separated by the twelth
thoracAi vertebra, The higher or cervico-thoracic segment and the lower or lumbosacral segment exhibit changes
of a gradual natur6. Thus, the vertebrae which are particularly characteristlc of the middle part of the seg-

mants 'vcome less so towards the end of the segments. The twelth thoracic vertebra, virtually a sort of a
vertebral hinge, has both thoracic and lumbar characteristics. The inferior articular process of T32 is similar

to that of the lumbar vertebrae. At the most prominent point of the curvatures, the vertebral bodies of T6 -T12
and l exhibit an anterior wedge-shaped deformation. This appearance which constitutes a physiological variant
of the vertebral morphology must be borne in mind in the interpretation of X-ray plates. The level of this

vertebral deformation varies a little with individuals, and is responsible for "he variations in curvature and

modifications in the line of gravity.

In other respects the extept of cnieif~rralty of the vertebrae or discs is capable of modifying the usefulness
of the posterior wall. (Delmas).

3,2 The Types of Union of Vertebrae

The thoracic and lumbar vertebrae are articulated in the same way - the posterior arches by means of grticular
processes, and the vertebral bodies by means of discs (FiS.8). The a:'ticular processes are virtually posterior
bolts, while the discs play the part of shock absorbers. They are some 12 mm thick in the lumbar region and

are composed essentially of two parts - first, a central nucleus pulposus which is a mass of mucold tissue ve.y
rich in water, incompressible, but on the other hand very easil3 distorted. Peripherally there is the annulus

fibrosis closely connected with the cartilaginous plate of the vertebral plateaux.

The vertebrae are furthermore united by a ligamentary system whose role is most important. The common anterior

and posterior ligaments in particular, impart to the spine much of its unity by forming a continuous and strong
sheath. These have an antagonistic action and contribute to give eBillibrium to the movements of the spine.

Many intervertebral ligaments stretching between the spiky and the transverse proresnes, unite the spines
very strongly and prevent the separation of the artirul., nurfaces. The vertebral muscles play a )art in main-
taining physiological rigidity in which they act as antagcnists to the passive refiex movements, and are at the

same time capable of supporting pressures in excess of one ton. They are in fact active stays.

3.3 Structure of the Lumbo Thoracic Vertebrae (Fig.7)

The study of the lumbo thoracic verebral structure shows how vulnerable it is to injury. D)'ered only by a

thin shell of compact tissue, the ver.?bral body is mostly composed of spongy tissue with ordered trabeculae
which can be seen on section in the dried preparation or in X-rays. The spongy cross members cross one another

in the *ertebral body to form a complex lattice-work on which, In an adult, can be seen thr.e trabecular systems
(Fig,?7):

a radihting horltzontal system (remains of the infantile r , system);

a vertical system made up of axial concave cross members spread out over the whole spine; and

an oblique system formed by an upper oblique and a lower oblique btndle continuing on the posterior arch.

The posterior arch of compact bone comprises some oblique bundles continuous with the vertebral body' s

oblique system; a transverse and a '" shaped fasciculus.

The study of the vertebral structure shows us that the median and anterior parts of almost empty vertebral

bodies, constitute % zone of leant resistance, particularly predispos6d tocompression as a result of injury.
On the other hand, the very tight crossing of the upper oblique and lowur fasciculi at the level of the pedicular

insertion strengthens that portio, of vertebrae, The pedicular insertion on the posterior aspect of the vertebral

body is termed by Rleunau, "the posterior wall" - a concept whic is most important in the pathology of vertebral

injury,
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PART 1: T1!E INJJRIES OF TIlE SPINE IN AEROSPACE MEDICINE

1. INTRODUCTION

Injuries of 'he spine are often encountered in aviation medicine and they always occur in association with a
state of emergency In flight. Whatever the type of aircraft (propeller or jet) there are tr. possible methods
of escape from an emergency situation. The first is the crash or forced landing (commercial airc.aft, light
private aircraft and sane military aircraft). The second is escape by parachute. In the case of a generalls86d
failure in a propeller aircraft the pilot uan leave the cockpit by his own resources. On he other hand the
high speeds reached In jet fighter aircraft call for the use of e.i ejection seat to assist escape from the
aircraft.

After a review of the pothogenic theories of spinal fracture, we shall consider first the various etiological
conditions In which tractL.,s and other iujurler mtay occur (orash landing, parachuting, ejection), then the
cllnical and radiological studies. The many traumatic sequelne deserve a detailed account for they Involve a
special symptomatology since they can b . considered as an occupational disease The risk of teeing un injury
appear on a spinal cord rendered fragile by a congenital or acquired lesion Justifies the systematic radiological
examination on entry.

2. PATHOGENIC THEORIES OF SPINAL 'ArTUIES (Fig.9)

From all the pathogenic theories of lumhu .,:, racic fiuscure:,, we shall rote Watson-Jones' classification which
distinguishes three types of fracture according to the direction of impact.

(a) The vertical compression of the spine during slight flexing results in an anterior wedge-shaped compression
fracture. One or severel vertebrae bodies -show an involvement only of the anterior porton without Involvement
of the posterior wall. If the trunk is deviated laterally at the time of impact an asymetric lateral com-
pression can be observed on antero-posterlor radiographs.

Discs are usually spared: the Inter spinal ligaments can be, but are very seldo? ruptured.

() The postero-superior force which acts suddenly from top to bottom and frou back to front, puts the spine
into hyperflexion. This results in a comminution fracture of the vertebral body.

(c) The posterior force which acts at ritt angles to the spine on tte upper part of the t'thuk, puts the spine
into hyperflexlon and causes a fracture dislocation with Injury of posterior wall of the vertebral body and
a rupture of the interspinal ligament.

Fig.9 Mechanism of spinal fracturus (after Watson-,tones)
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3. STRENGTH OF VERTEBRE

This problem has bcen particularly studied by Rieunau who is currcnt:.y looking into the strength of a group

of three vertebrae taken feom nine young subjects and comprising the vertebral indies, the soft tissues, and in
particular the aiscs and the ligaments, The author has been particularly concerned with the force required to
:upturo the ligaments of the lumbo thoracic spine, X-rayn (,P., lateral and %, and tomogrmss; taken before
and after compression enabled the lesions to be demonstrated. The first si6s such as creakings, compression,
asid extravasation of blood appear at pressures of between 600 pnd 700 kg, while total rupture occurs at about
850 kg. The great strength of the vertebral column and its resistance to aggression can be deduced from this
study.

These measurements which relate to experiments made on anatomical specimens are none the less valid, but one

must also take into account the part played by the paravertebral muscle masses which de strengthen the resistance
too impact. On a live subject it can be said that one vertebra can tolerate a compression o'. one ton.

4. ETIOPATHOOENESIS OF SPINAL FRACTURES IN AVIATION MEDICINE

Itess fractures can arise as a result of either crash landings (aircraft, gliders, helicopters), parachuting

ad ejection.

4. 1 The CraM Landing

4.1.1 MiIte:y Aircraft

In military aviation thanks to development of perposal e capc systems (-ejection seat and parachute), the
crash or forced landing is not often attempted with most modern fighter aircraft.

4.1.1.1 French statistics

?be appearance of vertebral fractures arising from crash landings has been reported by many authors (Watson-
Jones, Grandpierre, Malmejac, etc). In Prance, one of the most recent and most documented works has been
published in the Revue de Rddeins Aronautique (1963) by randpierre, Violette, Pabre, Marchesseau. Ginet and
Cholin. In this report, most of the accidents occuring in the French Air Force from 1st January 1954 to
30th March 1961 have been studied. Out of 299 forced or faulty landings, 16 subjects have hid one or several
fractures of the spine (5.3%). Table Il shows the distribution of injuries according to th, type of aircraft
which has been used.

Pilots of single and two-aeater aircraft have sustained vertebral fractures whereas these have not been found

in pilots of large transport aircraft (for instance, Nord 2501, C47) due to the greater structural strength of
these tircraft and to the lower speed on impact. Grandpierre et el. note that all these fractures occur !n

accidents taking olace away from the runway (crash on rough terrain, or aircraft leaving the runway immediately

after touch-do-,n).

4.1.1.2 Case histories

We have selected eome typical histories from the work of Grandpierre.

Case No.14 - Pilot V on a Pouga comes in too short on finals. The starter orders him to open up throttle but the

pilot does not react. All he does is to increase his nose-up attitude in an attempt to reach the runway. The

under-carriage being out, the aircraft hits the ground in a marked nose-up attitude, bounces, touches down again
this time striking the right wing, It whips round and strikes an embankment which it crosses as it disintegrates.

The speed at the time of iueact is 110 knots and the stopping distance 110 meters. The pilot sustains a fracture

of T10.

Case No.2 - Pilot S and Pilot D1on a T33. At an altitude of 200 feet and right after take off, thinking he is
raising the under-carriage, thi pupil stops the engine. The pilot puts the aircraft into a spiral descent to
the right to avoid a village and with under-carriage down and flaps out the aircraft continues descending.
Pinaily it stalls at a height of roughly 10 metres and on impact the starboard tank bursts, the right wing bend3

under impact and the aircraft tilts forward and strikes the ground violently with the nose-wbeel and the under-
part of the nose. After a bounce of 37 metres the aircraft falls back and skids over 45 metron. The speed on
impact is 95 knots, X-rays show that one of the pilots has a fracture of LI.

Case No.3 - Pilot 0 on P84P. During aerobattos the right leg of the under-carriage comes out vilently. Althouch

the under-carriage is damaged, the pilot attempts to land away from the runway, with the under-carriage out.
The aircraft comes into contact with the ground at an angle of about 200 nose down and after a boir e of about
1O0 metres, it then skids over 00 metres. The speed on impact has not been noted. The pilot sustains two
fractures of T12 and L.

Case N6o.4 - Pilot V on a Broussard, Owing to an enginu failure the pilot has to make a crash landing in the
bus. in a swsmp. The speed on firpact is about 70 kr/hr. The three members of the crew (pilot, navigator and

photogrir.her) each exhibit a fracture of L, The deceleratfon has caused the seat backs to move forward.I



TABLE II

Distribution of Fractures According to the Type of Aircraft after (Grandpierre at *I.).
Thf data relates only to Survivors

No. of subjects

Type of aircraft No. of accidents showing vertebral
lesions

T 6 73 1

Broussard 12 3
Sips 2 -
Jodel I -

Propeller Marcel Dassault 315 15 -
Marcel Dassault 312 5 -

Marcel Dassault 311 1 -

C 47 13 -

Nord 2501 11 -

Jet aircraft Myst~re 4 34 -

(eB 2 11 -
(crench Fouga Magister 9 1

construct ion) Vautour 5 1

T 3. 12 5
Jet aircraft T 8 1 5

(American .' 84 G 20 2
construction) p 84 F 25 2

Other jet Meteor 2 -

aircraft Mistral-Vampire 47 1

Case No.5 - Pilot 8 on a TO. In the course of a low level turn there is an engine failure and the aircraft

loses altitude and stalls when it Is about 3 metres from the top of a rocky cliff. During the impact the air-
craft loses its wings and its under-carriage, bounces about 10 metres and turns over on its left side. The
speed on Impact is about 80 knots. The pilot sustains a fracture of the antero-superior angle of 1.

4.1.1.3 Location of crash fractures

Table III gives the different locations for fractures according to the paper by Orandpierre and his colleagues.
It represents a total of 24 fractures sustained IV 16 pilots or other aircrew.

It will be seen that the fractures occur mostly at the level r^ TIO to L2 (eighteen times out of twenty-four).
Over the past 20 years many reports hate streesed the frequency with which fractures occur at the level of the
dorsolumbar hinge (Fig. 11). This however is not an observation related specifically to crash landings since
it is found in all injury statistics published in the last few years. The fractures in fact may involve T2, T3,
T6 or T7. In onol unusual accident the atlas (or first cervical vertebra) was fractured at the level of its
anterior arch with a sublaxation of the atlanto-axial joint. Multiple locations are not unusual, nccuring in
fact 8 times out of 16 in Grandpierre'a data and usually involving two vertebrae whose immediate ueighbours show
some slight impairment too.

TBLE III TABLE IV

Distribution of 24 Fractures (After Grandpierre et al.)
Arising !rom Accidents Distribution of Multiple Lesions

Vertebrae Number of Vertebrae Naber of

affected fractures affected subjects

Cl 1 T4 - L2-L3 1
T4 1 T6-T7 I
TO I T O - TI 1
T7 I T12 - LI I
TIO 2 Ll - 2 2
TII 1 L2 - ,3 1
T12 I
Ll 10
L2 4

3 2
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4.1.1.4 Pathogenicity of crash fractures

Witson-Jones in Great Britain was the first person to demonstrate that. there was a relaticnship between the
causal mechanism and the injuries, by making use of the data from 1.058 spinal fractures mostly amongst RAP
personnel during the second World War. The frmotures wore considered to be associated with spinal flexion. the
actual degree of which was associated with the position of the seat harness.

bhen a crash is imminent the pilut tightens his harne.s, rests his feet on the rudder bar ar'i braces his back
ageinst the sent back rest. In the seated position this produces straightening of the lumbar curvature of the
spine but the thoracic kyphosis is hardly altered at all.

We have been able to confirm these facts by rsdiograpty of the seated subject (Delahaye. Auffret, Mangin,
and Seris, 1981). At the instant of the crash there occrs-a violent deceleration which gives rise 0 a hyper-
flexion of the trunk which mV occur at the hinging point between T12 to Li or higher /T2 to T7) according to
the position and tension in the seat harness. The type of fracture sustained in a crash is therefore consistent
with the mechanisms described by Watson-Jones. Thus, one can draw attention to the fractures with comlnution
of an anterior corner (Mechanism 2). In fact these fractures can, in cases of hyperflerion (as, for example,
with poor harness iestraint) give rise to tearing of the inter-spinal ligaments and to fractures of the articular
processes.

In the crash landing of aircraft :-ittged bl warfarei, .nultiple fractures are frequently encountered, the number
of fractured vertebrae vexying from two to ten. Indeed, Watson-Jones reported a case of one RAP pilot who sus-
tained ten fractures of thoracic and lumbar vertebrae as a result of a crash landing. Isolated fractures of the
articular processes and of the isthmus are i,ot usually encountered as a result of crash landings, however whcm
they do exist, they are almost always asocciated with fractures of the vertebral body.

Cervical fractures which are so frequently encountered in motor car accidents, occur in aitcraft crashes only
in special circumstances, e.g. rolling or tumbling after hitting the ground, or with a direct blow to the cervical
spine or to the head, A typical accident giving rise to a cervical injury has been described IV Orandpierre
et al. as follows.

When his engine failed, the pilot of a istrnl had to make a forced landing with under-carriage retracted,
Into a wheat field. The entire front part of the aircraft disintegrated after a skid of 500 metres and the
pilot sustained a fracture of the anterior arch of the atlas with a sublaxation of the atlanto ax!i! joint.

A blow on the top of the head and transmitted down the --%1s of the spine to the vertebrae through the occipi-
tal condyles, tends to rupture the annulms of the atlas. If the pilot is thrown onto the forward part of the
instrument panel (insufficient seat restraint) the hyporextenston can give rise to fractures at the level of the
odontoid process of the lower cervical vertebrae. In all these cases the skull injury is the predominaot feature
but a ckreful radiolcgical examination haA to be carried out on the entire vertebral axis. In practice-such
lesions of the cervic.1 cord in aircraft accidents are rare. i

4.1.2 Accidents to Gliders and to Light P'rivate Aircraft

In regard to accidents involving light aircraft (forced landing in the countryside unaer difficult conditions)
we were able in the four cases examined, to detect fractures of the s3. ne at the level of-T12 and of LI. Recently
at Dominique-Larrey Hospital, we have seen a student pilot who bed been involved In.a glider accident (high,
tension c.ble strike followed by stall). F has fractures of L3, L4 and LS. The posterior walls, of L-3, L4 are
affected and tomography reveals .ultiple signs involving the posterior arche's of L0 and 4.

4. 13 Commercial Aircraft

In the absence of personal escape systems, a forced landing is tile only way out of an emerienqy situation.
The accelerations invclved can vary in unpl!tide anl direction according to the type of terrain and according
to the aircraft. Where high accelerations kre involved, fnilare of the bolts holding the seats to the floor
can result in a piling up of passengers still strapped in their seats, Into the fo:wsrd part of the airergft.
In these multiple injuries, spinal fractures which are usually luso thoracic. may be encountered.

4.1.4 Ielicopter Crash

4. 1.4. 1 Different types ef landing

Helicopter accidents can be considered under two headings according to whether or not there Is lois of control.
e.g. whether the main rotor and tail rotor are continuing to turn or not.

Emergency L.anding with Auto-rotation

In this case the pilot retains a certain amount of control of the aircraft which he lands at a low forward
speed and at a variable vertical velocity. This latter cam vary frcm that of normal londing to the deatructive
impact produced by free fall. The force here is essentially in the vertical axis end any spinal fracture which
occurs will be at the level of TIl. T12, Ll or L2.
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Grasii Iainding tie to Ihoss of (0intr,,1

With the loss of one or sore blade~s of tho inain rotor and failure of the tail rotor, the helicopter may" go
into 4 spin anti hit the ground at any angle at inc~dence. Accelerations increitso in all &;on and multip!e
inJuries without any partiular pattern arc encountered.

4. 1.4.2 Case historie4 - (light aircraft- trmny ann Atr Force)

We shall describe Home typical case historicee.

Care No.1 - Pilot P or Alou.otte 2. Crash it- a re!,u-jt of ix down draugzht dorit~g an operationsa. flight in difficult
country (mountikinou3 and wooded). The aircraft hits some trees :Lnd Yiolently goes over onto its hark. The pilot
has an knterior cuneifors '±ovpresslon fracture of' 1,1.

Case A. - Pilot C en Alouettia 2. The loin uf a tall rotor bla&! brtngm uboit an Immediate tearing out of the
tail rotor housing. The sircraft cr-ahos onto flat groutnd froi.' a height of 700 meties in a'rto-rotstio. but with
the engine ttil switched on. The final phase taken place into wind vifth the aircraft filling fiat from a height
of I to A~ metres; an error which *As '4ue to the fact t.hat high corn misled the pilot Into Judgiaernt of height
atbov;e grinind. On X-yhe' wtes inubsr'uently found to haveo uslxlreo ant±erior cugieiform corprresion fractures of
TIO and T11.

Case 86.3 - Miot F on Alooette .1. Durtrng cr.jising filght tie trosmissior shaft to the tail rotor failpd.
giving rise to loss of the antitorque system. A crash landin 'g V.~ a spin rith the engine still switched on. tcok
place in particularly difficult mountainouis terrein. 7ha pilot tuatain-,d iracturra of' L2 and L3 and shortly
afterwsrds exhihited a flaccid inJury paraplegia.

Case JNo.4 .- Pl2ot J on Bell 47 G2. During a tort flight after serieIn of thie tail rotor system, the aircraft
engine faile-1. The pilot did not react well,. and the measure$ he look resulted in a reduction of revs in the
main rotor, fie belatedly put the aircriAtt In auto-rotation. 'X-ray?, showed an arterior cinetform compression
fracture of 1,3 (lateral view) whilit an AP platq d~wnrtratird some right lateral coapr'Easion.

Casie N6.5 - Pilot V on Bell 17 G2. During an attemptced landing on a mountainous DZ at 2. 115 metres, the heli-
copter came into violent contact with some rocks. The harness restraint system %"s cut through on !mupect and
the pilot sustained two frsctures (T3 and V4).

4.1.4.3 Location of fractures (Fig. 12)

Sp~nal fractures are not s';ften fouril In helicopter crashes, and of 113 helicopter accidents recorded in thie
Prench Air Force from 1961 to 1968t inclusive, 9 pilots were found to have a total of ten fractures (8.5%).

In Army light aircraft, In An unspeelfied number of accidents, 8 fractures were discovered 1w rad~ographic
examInation. Furthermore. Faire records 8 fractures occurriag before 1961 in Arbo' Helicopter accidents.

Table V shows the distribution of fractures accordlrg to Lte vertehie Involved. It will be seenm that frac-
tures occur itost frequently In tha region off 710 to L2 but that the atiber of fractures involving WP. L4 and LS
is greater thwn 'is crashes of fixed-wirg aircrAft. Chtanges In the Hervous system its a result :)f the Involvement
of the posterior wall (paraplegia cauda eeqzins syndrome) were ob-sorved In 3 cases. As will be seen In Table VI.
fractures Anvolvtng severel vertebrae are leiss fretuent and are not typical of helicopter crashes.

4. 1.4.4 Fathoagenesis of fractues in heli(copter accidents

0. Ftbre who has extensively studied this problem, noted in 196-, that the #Apost exclusive Injury to the dorsa,-
luwbpr hinge was significan~t. In that It showed that the spine of helicopter pilets tho iwere restrained biy a
seat harness, bebaved as tbough the Indlyidual wVri ot wearing a harnesan. ?hub, with & sharp decelarazion the
vertebesi column :ve wayv at the level of its natural pivot - in otbet woreis at the dorsolumbar hinse. Tese
fractures !rhich ranged from 710 to L2 were particularly observed is crashes during auto-rotation at a VarietY
of speeds.

in crashes with lons of control, the 'InJuries may range from the level of TI0 to L2. By a mechanism isich
has alietdy beer. described, in a crash larding the deceleration can somtims give riaz to a hyperflcaion at
the old-thoracic level. e.g. TS to TO. The impact ray be by U2r Individual being directlY thrcwe onto ohetaclea
am in the fractures of T3. T4 of the pilot in case No..' above. The fracture6 in the lower lumbar region - 03
to LS arc due to a vertical compression without the shock absorbing of the lower limbs. az for extold may occu"r
in parachuting where an individual lsandi. on his buttocks.

4.2 Poradiatimg

The parvohuta originally used as a Pear's of saving aviators and balloonists was eqployed after 1915 in a hlew
technique for infiltratica behind enexy lines. aQd In the last War (1939-45) sod In other conflicts UIndo China
or Algeria) airborne and -imnnzdo pzrachute troopiB played a zoait important role. 'Me need to reduce to a min~mum
the occurronce of Ipsobltai ijturti has therefore resulted in the development of CeW teCtlnIQUCS, partivulariY
in rewad to ltanding. In this chaptor we shr.1l he considering the Jumps with autneAtlc deployment of raracbute
which are most freiroently made use of by the military.
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TABLE Vd

Frsutres of the Seine after Heli opter Crak (Fwch Statistics)

hms±,r of fruiturcs caeryq

Air Force f
1Aruy lipht aviation Total

Before 1961 1.Q61-1966 wnclisivo

T4 - 2
T - .

TS~ ITIO -- I I
T11 - I I •-

T12 2 1 -
LI I I 6

L2 3 1
L3 1 1 -S 4

____ 2 -_2__ _

Total 8 . o x -

__________ ____________________



TAKLE VI

Multiple Injuries In Helicopter Crashes

Vertebrae affected I Number of pilots

L - L3

LI -L4 j1

4.2.2 Parachu~ting - French Technique

4.2.2.1 Tie equipment of the ihlitary parachutist

The military, parachutists' equipment comprises clothing weighing 7 kilograms madea up of a particularly
light-weicht combat suit, a steel helmet with chin strep an a pair of parachuting boots. The two parachutes
weigh together 17 kilograms. They consist of first the back parachute (Type TAP 600) with automatic open~ng.
and secondly the ventral emergency parachute (Type TAP 660) with manual opening, Impedimenta weighing between
2,1 and 40 kilograms (rations. arsament, warm clothli.g) are carried on opt~rations or on manoeuvres. The pars-
chutist of 75 kilograms coqletely equipped therefore weighs some 125 to 140 kilograms,

4.2.2.2 The French back parachute

The French back parachute Is composed of a nylon canocy 60 square metres surface, with a vent for the escape
of air: a harness terminating In four lift webs and twonty-foir shroud lines which join the lift webA to the
cone"~.

The complete parachute (except the harness) is folded inco a bag or sack which is closed by three fine cords
which remk under a pull of 25 kilogram. The canopy is strengthened at the level of the vent by a cord which
breaks under a pull of 15 kilograms on the static line 4.8 metres long and with a breaking strain of 1,500 kilo-
grams (Fig. 13). The static line folded (it the top of the pack. ends in a snap hook which is fixed to a cable
in the itircrtft shortly before the jump.

Ite harness Is made up of three straps 5 ca wide; one bottom strap and two crutch straps (Fig. 14). The suoject
Is almost always seated on. the bottoc strap (in the shape of a T~") which goes fron one side of the body to the
other and then forward to the shculders. Zach end of it is linked to the lift webs - two on the right and two
on the left of the parachute, and on these the opnning shock is uniformly transmitted to the shroud lines. The
two crutch straps furthermore leave the bottom Whoa~ between the thighs and byr an Intricate course, complete
the closuro of the harness In front. 7%fis harness is basically the same as that specified by J. Deyne In 1925
with the object of spreading the shack loa6 on opening over the greatest possible area of the body: applying
the load to those parts of the body beat able to toleratc it, that is those parts protected by the large muscle
masses: keepisg the shock points away from the more delicate organs, and lastly supporting the body in such a
position that at the time of landing it is in an good a position as possible.

4.2.2.3 L~eaving the aircraft tind the jump

Shorcly b)efore the jump t speed of the aircraft is reducod to approximately 180 iczs/hr and at an altoltude
of 400 metres (160 metres for operational Jump) the leader makes a final check of the equipment, The exit is
Wae through. a side door and on rare occasions, through ti'e aft end of the atircraft. At a signal from the klaxon
the w~rncutist Jumps out as Sir as pexxible f'em thei aircraft %nd at right angles to th? line of flight. At
this prer lee moment he brings his legi tosethe.. feet forward. and with both hands folded on the ventral parachute
(Fig. 10.4

Curing free fall the static line uncols. tligtesis an~d bt-ovks the strings closing the pack, pulls out the
ciaopy and 14inally bruaks the air -fant, -Prd. The freed parachute fills with air and the automatic opening line
reini fixed to the cable on the Aircraft. About three secods elapse between the start of estraction of the
canopy and its compete deployment, during which time the bodt describes a parabola, travels about 50 metres.
and slows down from WO kes/hr to 30 kms/hr aMroximately. A good eyrit ensures a good potition on opening of
the cepolly and therefore reduces the danger uf injury.

4..2.154 Te opritingt shock oi the parachute

The p3eeiticp of the body at the time of canopy dbployment resembles that of a foetus In the uterus. The back
is rounded and the head is bent forward with the chn on the cheat. The arms are folded across the body touching
Vie thorax. Ite legs are held clon? together, &s.;htly fzrward. so an to form an acute Angle w,,th tha rest of
the bodj ond all the wscies are contr~cted to the ojtnost. especially those of the back of 4h-e nack and cf the
abdomen. The opening sTrock of the parac1ita has been~ crnideritbly reduced with the current use of a technique
of faldinr 0.1e abrou lines first so as to give a slcaer o~,enir, and deplo~sent to the canopy. It has Iteon
Mekoned thst 3 body weighing 75 kilograms wfl 1 In the harvess stea)s wegh 315 kilograms In canopy first deploy-

itent and 225 kilograms in rigling lines first deplo~r~rt.
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Pig. 15 Attitude of a parachutist on opening
The opening shock is always applied principally onto the kttom strap in a frontal plane passing roughly

through the cervical thoracic hinge point.

4. 2. 2.5 Mhe descent

The falling speed of a parachutist A is represented by a vector, AD which is, according to the parallelo-gran of forces, the resultant of two vwctor9 acting at right angles to one another, namely, AC (the wind speed -variable) and AB (the velocity of the fall 1k nil wind - approximately constant for a given subject and for a
given canopy).

It is in fact the terminal velocity of descent for a given mass .wpported by the parachute, and its value isof the order of 5 metres per second for a man of 75 kilograms using a French 60 square metre parachate.

A C

AB -

KS
B D
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P subjects weight

3 surface of the canopy

K lift :onfficient.

The variation in AB are small, and do:,end on:

- canopy porosity (varies with texture ,ud use),

- air humidity and temperature.

/,.2.,2.6 Landing

The landing impact can be calculated by the relationship:

F ~ V

hence V +

P

1 P (P + AC' )

therefore F - UgS

where g, k, S are constants.

For a given parachut.i, the landing impact F is proportional to the square of the windspeed AC and to the

square of the weight P of the subject. Thus, a parachutist of 75 kilograms is subjected on landing to an
impact of the order of 95 kilrqrams for low velocity surface wind, 190 kilograms for a surface wind of 5 metres
per serond, 290 kilograms for a gurface wind of 7 metres per second, and 475 kilograms for a surface wind of

10 metres per second.

The physiological safety coefficient established by Bldriot (1905) is 5 times the parachutist' s body weight.
A junp will therefore he forbidden when the surface wind velocity exceeds 9 metres per second. These values

for the impact force and landing apply only for the case of the parachutist who descends without manoeuv- ng,
for by correct traction on the two up-wind lift webs it Is possible to lower the corresponding half canopy and
reduce the swing amplitude as well as reduce the value of AC (representing the surface wind velocity, by 2 to

3 metres per se-cnd. On the other hand if me makes use of the wrong lift webs the value of vector AC can be
increased by the seme amnu.t. This is where the usefulness of theoretical instruction in the judgement of wind
direction during descent comes in.

It is 5omewhat difficult to adopt and to maintain the correct position of the body for landing as one approaches
the ground. Formitng a large part of the theoretical training, it calls for a symmetry of the body with respect
to the sagittal plane in order to spread the shock wave uniformally onto the lower limbs. These latter must be

kept tightly together and remain so with the soles of the feet placed at the same height and parallel to the
ground (Fig. 10). In addition to this, the legs must be kept slightly bent with the muscles partly contracted

so as to form a levered shock absorber around the axes represented by the Joints of the ankles, the hips and
the knees. The position of the rest of the body, is similar to that adopted by the parachutist on canopy opening,
that is with the muscles contracted maximally. The landing of impact ohock is thus located in a frontal plane
which passes approximately through the ankles and the hips.

To maintain a good landing position requires considerable self-control for as the ground rises, there is a

natural tendenc.y to avoid it either by bringing up the feet under the bottom or by going out to meet the ground

by ccmpletely extending the 1,ga. In both instances the lower limbs cannot play the part, of shock absorbers

required of them and the spine 0a going to receive most of the shock on landing. The landing theoretically

ends in a classical tumbling. In prr,tice and according to body positien with reference to the wind dirention,

one or other of th. buttocks c,,ies int, :,ntact with the ground as close as possible to the heels after which

the parachutist rolls onto hi_. I',e K sut then collapse the canopy - a task which ia not easy In a strong
wind - so as to avoid huing dr,i • this is a cause c' some of the injuries brought about by colliding with
rough ground, trees or build . , '.

4.2.3 Statistics of Spintul Injutre

In the course of 1,033,525 , Pui ,s arried out. at the School for Airborne Troops at Pau from 1959 to 1966
inclusive, the follwing have !en round: 1,962 fractures (i.e. 1.9 per 1,000 jumps) principally affecting the

lower limbs; 947 injuries to the opine Including 155 fractures.



fig. 16 Attitude of parachutist for lnding

1hese 15, fractures of the vertebral column represent:

1. 35% of the total number of accidents;

7.9% of the total number of fractures;

16.1% of all spinal injuries noted.

A close examination of these statistics (Table VII) show that the number of spinal fractures related to the
numter of jumps made diminishes every year (2.7 per 1,000 jumps in 1959 and 0.5 per 1,000 jumps in 1960). This
is due to the selection standards for airborne troops being progressively more rigidly applied, e.g. limitation
of weight to 80 kilograme., elimination of 4l candidates showing spinal wnomalies etc. Convistency of the other
annual percentages leads one to conclude that the ground training and the French Jumping technique are now well
estalished.

A simple analysis of the diflerent vertebrae fractured is most instructive (Fig. 18) even without taking
account of the number of associated accidents, Thus in the course of 1. 188,155 jumps it ha been found that
159 spinal fractures have involved a total of 199 vertebrae. These multiple locetions are detailed in Table VIII.
In two cases two parachutists who had landed under particularly bad conditions showed an involvement of 7 vertebrae.
in Table IX there can be seen the nunber of occasions on which the different vertebrae were involved; it is quite
clear that the most involved spinal segment lies between the twelth thoracic and the third lumbar vertebrae which
were Injured 149 times - in other words. in 76% of casen. Injuries above and below this level are not unusual
but cervical involvement Is rare. Fractures involving the posterior wall described IV Riuunau ware observed
less than once per 100.000 jumps.
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TAPLE VIi

Occurrence of Spinal Fractures In 1,033.523 Jumps

Statistics fr.n Pau A Total

1959 to
Year 1959 1960 1961 1962 1963 1964 1965 1966 1966

Number of Jumps made 1110 000 120 000 130 618 132 713 134 939 139 925 129 336 135 994 1033 625

Total accidents recorded 1 435 1 836 1 413 1 508 1 291 1 444 1 359 1 247 11 533

Total fractures observed 232 245 249 253 231 237 254 261 1 962

Total spinal accidents 103 171 127 124 302 130 102 98 957
recorded

Total number 30 20 3.3 28 19 7 11 7 155

Number/0 000 Jumps 2.7 1.6 2.3 2.1 1.4 0.5 0.84 0.51 1.5

% related to number I
2.05% 1.1% 2.3% 1.85% 1.5% 0.5% 0.2% 0.55% 1.35%of accidents

% related to total
f ractore t 13% 8. 16% 13.2% 11.2% 8.26% 2.9% 4.3% 2.7% 7.9%

% related to number 11.7% 26% 22.6% 18.7% 5.4% 10.8% 7.2% 16.7%
of spinal accidents

TABLE VIII

Number ofFMultiple fructures - vertebrae involved o f

TI + T12 1
T6 + T7/ I

T8 +T9 2
T1I + T12 1
T12 + LI 7

TII + T12 + bl 3
T1I + T12 + L1 + L2 + L3 1

TI + T12 + l1 +L2 i L3 +L4 + L5 2

T12 + LX + L2 I
Ll + L2 1
Ll + 4 1

L1 + L2 + L3 3
LS + S1 I
L3 + L4 4



22

80

75

70

65

60

55-

50.

45.

40-

35.

30.

25-

20.

Is-

10.

5

01

Cl C3 C 5 C7 Ti T3 TS T7 T9 TI! TI2 LI L3 L5

Fig. 18 Distribution of fractures in parachuting

TABLE IX

Diutribution of 195 Fracture Observed in
1, 188,155 Jumps by Airborne Troope

Number of fractures
Vertebrae affected observed

C5 1
Ce

C7
TI I
72 2
T3
T4 2
T5 I
T6 1

77 5
TO 3
T9 3
TIO
TII 8
T12 35
L 77
L2 21
3 16

L4 11
L5 6
SI 1
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I.2.4 Pathogenesis of Spinal Iestons

Since the work of ,reifer (1939) all authors agree that 90% of the accidents due to parachuting occur on
landing.

4. 2.4. 1 Opening shock and landing impact

In order to determine the nature of the spinal curvatures of a fully equipped parachutist at the time of
opening the parachute and at the time of landing. G.M.Teyssandier and R.F. Delahaye have carried cut a radio-
graphic examination of subjects in various parahuting attitude3 under the supervision of en Airborne Troops
Instructor. It was not possible to obtain satisfactory AP views because of the density of the equipment and
parachutes, but from the lateral views it was -'ssible to obtain the tracings shown in Figure 19. For a 1'rench

parachute (M'pe AP 600) the canopy opening shu,,-. (shroud lines first) can be represented by a vector acting
from below upwards, whose origir i,; at the bottom web strap and whose value is of the orler of 225 k.lograms
for a 75 kilogram subject. This vector is in a frontal plane which passes through the ext:emity of the coccyx
then runs through the lumbo s: cral hinge whJch crosses the spine round about the cervical thoracic hinge. Ths
may explain the fact that certain cervical column injuries have been less frequently encountered since abandoning
the system of folding the parachute for opening (canopy first).

-all

Fig. 19 Radiograph tracings of the parachutist's spine on deployment (left) tmd on landing (right)

The landing shock can be represented by a vector (Fig. 19) acting from beloh upwards, whose origin is at
ground level and whose magnitude varies, for a given parachutist, with the square of the horizontal wind speed.
This vector is in a frontal pltne which passes through the ankles and the hips, runs through the vertebral
bodies of T12 to L3 and crosses the posterior wall of the spine at the level of the lumbo thoracic hinge. These
observations confirm the statistical data, namely, that the most vulnerable spinal selment lies indeed between
T12 and L3.

4.2.4.2 Mechantsm

The association of spinal hyperflexion with pressure on the vertebrae acting from below upwards, is the
commonist mechanism responsible for the fractures of varying types, and for the disc and ligament Injuries which

usually occur at the level of TIO to L2.
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The cervical column can be damaged b7 a similar mechanism in which the lover axis is situated about the
cervical thoracic hinge. The injuries associated with flexion can occur either at opening of the canopy if the
chin has not been pressed close to the sternum (this is unusual since the mental tension results in an intense
muscular contraction) or again on opening of the canopy where over-confident qualified parachutists may insuffici-
ently contract their neck muscles.

Spinal hyprextension

Spinal hyperextension can give rise to cervical injuries either on canopy opening or on landing if the neck
muscles are not sufficiently contract6d, but then the shock wave may sharply throw the head backwards. This
results in fractures of the spinal processes, in disc or ligament injuries, or in rupture of the anterior
anastomotic network of the medullary arteries. This visually gives rise to serious involvement of the central
nervous system.

Direct imp'ct to the spine

As he rolls after landing, if the parachutist strikes a stone !)r branch or any ground protuberance the impact
can give rise to an unspecifiable variety of injurlen; he could furthermore sustain a fracture of the first
cervical vertebra from a "rabbit" punch caused by the posterior edge of his helmet. Injuries of this type however
are most unusual. On the other hand at th.. instant of the opening of the canopy the metal buckles wch unite
the lift webs and the shroud lines. often strike the spine or the helmet with great force. The risk of such
accidents has markedly diminished with the use of the parachute folding system "shroud lines first".

Pinally one must refer to the observations of Hasan according to whom as a result of a bad landing in England,
the skull, acting like a hamser, caused the first cervical vertebra to burst. Death occurred 15 minutes later.

4.3 Ejection of Military Pilots from Jet Aircraft

4.3.1 Introduction and Definition

When the speed of an aircraft exceeds 300 kilometres/hr it becomes extremely difficult for the pilot to escape,
and from 500 to 600 kilometres/hr this is practically impossible without serious risk such as collision with the
rear parts of the aircraft. Ejections by means of an explosively propelled seat is then the only means of
ensuring the pilot's escape from the cockpit.

4 .. 2 he Principles of the Ejection Seat

In order to avoid collision of the seat and its occupant with the rear part of the aircraft, it is necessary
to impart to these a speed which is in excess of that of the aircraft, by an amount determined by the height of
the tail assembly and in particular the tail fin. At the moment of separation the speed of the seat must be at
least 17 to 18 metres/sec. In order to obtain the acceleration necessary to give the seat its required velocity
in the very short time available, the system makes use of the pressure of combustion gases from one or more
cartridges. The combustion takes place in a gun, part of which is attached to the aircraft, the second part
being ejected along with the seat. The accelerations reached are 20-21 g for 80-100 milliseconds with a simple
gun, and 11- 18 g for 180- 200 milliseconds if a telescopic gun is used.

4.3.3 Types of Seats

Two types of seat can be considered according to the level of acceleration imparted and to the method of
firing the gun,

4.3.3.1 The level of acceleration

Simple Gun - During tL.. thrust imparted by the cartridge the seat travels a distance of I metre, the duration
of the impulse being 80-100 milliseconds and the acceleration reaching 20-21 g. The speed at the moment of
separation from the canon is 18 metres/sec approximately. The principal seats of this type are the .sud Aviation

E86, E93 and E95.

relescopic GiLn Seat - The duration of the impulse in this instance ts 180-200 milliseconds and acreleration
being from 16-18 g. The velocity of the seat at the end of its course and after a lesser acceleration is
higher (25 metres per second for the MK4). The principal seacs of this type are Bud Aviation E96, E7, Martin-
Baker MK4 or AM4, RAC, North American, Martin-Baker AMS. Figure 21 gives the acceleration curve oga!nst time
for a standard MK4 and for the M6 rocket seat.

4.3.3.2 Methods of firing the soot

The two aethods of firing the seat are either by means of a face-1tlind or by mciais of a low tiring handle.

Seats with Face-Blind - The seat can be fired by pulling on a face-blind of eithor strong cwvas or in some
seats, of leather. The pilot must therefore put his head against the headrest ootaining thereby a position
which is good for the vertebral column, in that it keeps it straight, while the fuce-blind protects the face

and the pilot's oxygen mask from the relative wind velocity. Part of the weight of the chest is taken by the
face-blind handle through the hand. The seats that fall into this category are Sud Aviation 692-E5; Mrrtin-
BaIer, all types; North American.
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Different phases of ejection
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4. Automatic opening of seat parachute

5. Automatic release of seat harness
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7. Automatic openinr of pilota's parachate
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Fig. 21 Acce1aratinqIs as function of time. Ejection by two different seats: Standard MX 4 and Rocket AM 6
(accelerstl*.ua measured at the seat, pelyis, head end vortebrae)

Ejected weight; seat + pilot =172 kg

------ Stadard MKC 4 Paocket seat AV 6

Maximum azceleration =20 g Mauimum acceleration =15 z
Seat velocity =S8 ft/sec Seat velocity =i1O ft/sec
Acceleration slope =240 5/sec Accelerstion slope 200 S/sec

P15.22 Seaf-Pilot aeration (after a W5 publication.)



-Seats trth .cv Firinp Mechanim - The seat is tired te first rsA3lng the arm rests thereiby uncoverin two
trigger, pressure on which flres the seat. This system is eepleyd In the following seats: RAC. E46. and E97.

Special cuse of the ,lartin-Baker 4 - The Martin-Baker MK4 which is used in the mout up-todato mircraft. in
addition to firing to a face-blind has a secondary or emergency firing handle situatcd btween the t ghs and
the seat pan, being thus within reach of the pilo'. even at high j. By pulling this ftring handle the pilot puts
himself into & good attitude for oJectiou and furthermore his hands arc only a &hort distance fr.,t the normal
position ron the control column hence saving time. The face hoWeve: Is in that case not protet-ted by a facp-:l!rd.

4.3.12 (escription of the Different Phases of Ejection

The phascs to b- cansidereC (Pig. 20) are preparation, the ejection itself. leaving the seat. psrich,'t1: and
landing.

4.3-4.1 Preparation

olth the first seats the pilot had to preoare for ejection Wy following out a drill which was described in
the course of training or of teaching and instruction sessions. The drill was as follows, got rid of the gun
sight. Jettison the canopy, place feet on the foot rests. In the case of a high firing drill, place hends on
the firing handle, both hands above the head, snd pull straight down to bring the handle on to the chest. This
last movement fired the cartridge.

The current system of leg restraint sialifeA this drill. The use of the face blind ensures correct position
of the head on the head rest, and therefore avoids putting the spine in an unfavourable flexed position. With
a low firing handle, if the pilot follows his instructions correctly. the spinal curvature will not be placed
in an nfavourable position oither. This syctem is . type of escape which is more s'itabl* to certain types of
aircraft.

4.,3.4.2 f"le ejection itself

Under the action of the seat gun the sent is projected upward%. This causea mn auxiliary gun to fire a mall

metallic bolt to which is fixed R drogue or seat stabilis.ng parachute. Stabilied by this parachute the seat
recedes from the aircraft. its speed rapidly dropping until it reucire; its terminal velocity.

4.3.1.3 Sparation from the seat (Pig.22)

On the first seats the pilot had to separate himself from the seat by releasing his harne.s after 5 or
6 seconds and leavina it in frre fall whil4 the seat, braked by the stabiliser. was rapidly left bcbind him.
He then had to open his parachute. Today, howaver, various isprovements such as automatic separation from the
seat and parachute opening ensure greater safety.

Two diat1ctl. cases, however, must be mentioned. ylrst, at high altituJe the pilot remairs It his stabilized
seat down to 10,000 ft and at this altitude a barometric capsule cauces t: ceparation of the seat and the pilot.
whilst simultaneously setting oiN a sequence which results in the cpening of the .arrhute. Seiondly. at low
altitude and at high spened. an accelerometer ensures that the separation sequence is initiated only when the
seat ha reached a velocity sufficiently low to be compatible with the strength of the parachute.

4'.3.4.6 Parachuting end landin-

Obether un6er aonual or automatic control. parachuting snd lading of these ejected pilots does not present
particular difficulties unless the subject is unconscious (uncontrol!ed colitact with ground).

4.3.! Different Types of Ejection

4.3.5.1 Ejection in norl*al attitude

In this condition the aircraft is flying a straight line in an approximately horizontal flight path and with
a wei ht load factor in the region of one. The pilot will bc sitting in hU seat at the moment of ejection.
All other attitudes and configurat)uns are abeormal.

4.3.5.2 Ejection in unusual ,ttitde

Here i-he aircraft %ttitude may be either inverted or barked, in both of which conditions the-pilot is kept
on hix seat only by his seat harre.4s. His back is not pressed against tne seat back and above all his weight
does nut compress the seat v~us.ion. Because of this the dynamics of the ejection are altered because the seat
is already travelling fairly rapidly by the time t begins to transmit its Impulse to the pilot's pelvis. In
zonsequence the acceleration loparted to the bady is therefore much hither mid may in fact exceed tht safety
margin. In an jection from a banked attitude the position of the spise is particularly bad and fractures of
the splne have been observed under condiilono such as these.

Varlations in the flight 7atn of the aircraft can give rle rt additional accelerations. thus !n a tight
turn the tesultant Inereased acceleration Is added to that itparted by the seat.



In a low speeM spin mn a nodern aircraft the Ax accolerktion devoloped by the turning of the aircraft
thrusts tho pilot forward into hia harnesa ad, .ince the attachment points ar6 low, hls SpIng tends to be
forced to a flexed position which fsvcura the production of fractures on ejectlon.

In w ueicticn wtit Jettisonin; of the eesoopy thare le a one second delay i.etween the firng of the seat and
its actual time of leaving the aircraft. Via dejay enables the r.r.opy to b drab3ed away from the seat'a
trajectory by t'e force of Sh- slip stream. ;n caea where the aircraft approaches the griund at high speed
his delay can comproix5 tho success of the ejection.

In OI aircraft operating near ground level and without any horl7ontal velocity )ere is no slip stream to
help let rid o! the canepy. P-rthemore. i there is loss of control there way be a high degree of roll (360 0/sec)
which moz s-fect ths direction taken by thv ejection seat as it leaves the aircraft.

In the case of a Zallure in a carrier catarlat, the aircraft nut of control can crash in s few mconds so
the gain of on- second can save ths life of the pilot For thesu reasors ejection of the pilot through the
canopy was exzaened in investigations carried out ia France, Grent Britain, USA and Switzerland. These investi-
istions, subsequently confirmed by live ejections under emergency conditions, demonstrated the possibility of
excap!ng ky this aeans without sustaining serious injuries.

4.3.6 Statistics of Ejections in the French Air Force

Frcm October :951 to the end of .966 239 ejections have been studied in the French Air Fbrce. We shall now
exaine the results obtained froe these ejections and then the injuries sustained.

4.3.8.1 Coprehenaiv,- results

According to the final outcome ejections can be divided into two groups according to whether they have failed
or succeeded. We shall call failed eJections those which have reatulted in the death of the pilot. and successful
ejections those in which the pilot has survived even though he may have .untained severe or slight iajury. We
shall examine first of all the overall resulhs then the annual statistics.

Overall results

TABLE X

Shows the Ejection Date as tnsuccessfUl or Successful

or-talcnzaber Unsuccessful ejections c
of ejections (killed)esuleecin

256 64 195

1005 I24% { ______

TABLE X1

spccessful Ejections

Total number of Srods

successful ejection injury Slight injury Uninjured

195 34 32 129
76% _ 13.1% 12.2% 49.7%

In over half of the Injuries (Table XI) the pilot was uninjured.

Injuries without partial incapacity occur in 12.2% cases.

TABLE X11

Distribution of laJories

&riius iijuries Vertebral injariet Fractures and dislocations

I of lisbs
34 [ 22 12

a 13.1 8.49 4.6
b 17.4 11.2 6.2

a - percentage of all ejuctions
b - percentage of successful ejectior.
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One pilot presented a serious syndrome in which were associated involvem6it of the central nervous system

(hsmipleria), fractured vertebrae and a fracture of the astragalus. The vertebral fractures appeared in 8.4%

of all ejections and 21. 2% of the successful ejections.

4.3.6.2 Annuial statistics (7able X111)

The annual distribution ir fairly unifom nnd the ar.usl percentage of succossful ejections has slightly
Increased during the recent years. This Improvement seems to be due in largo moasure to the installation of
entirely automatic seats on the current aircraft.

TABLE XIII

Annual Pistributivn of Ejections and their Results

I ISerious injuries Slight
Year !i I led j.e Uninjured Total

.Spine fractures Limb fractures

October
1951-1952 1 3 4

1953 4 1 2 3 10
1954 7 - 1 7 3 18

1955 4 1 - 2 6 13
1956 4 3 - 8 9 24

1957 5 1 2 11 19
1958 4 2 - 1 '7 14
1959 6 2 - 1 9 18
19,O 5 2 2 1 11 21
1961 6 1 - 1 15 23
1962 4 - 4 5 7 20
1963 5 1 - - 14 20
1964 5 1 2 - 5 13

1965 1 E - 2 12 j 20
1966 3 3 2- 14 22

Total 64 22 12 32 12959

4.3.6.3 Distribution of fractures on ejection

Spinal fractures are the most comionly encountered serious Injury, appearing ore frequently than injuries

to the limbs such an fractures of the humerus. femur, tibia or open dislocation of the knee joint. Thirty spinal
fractures were distributed amongst 22 pilots (Tables XIV and XV).

TABLE XIV TABILE XV

. Distribution of Ejection Fractures Multiple Spinal Fractures
According to Location from Ejection

(French Air Force) (French Air Force)

Fractures EVer tebrae int lve'I Number

Locat N ber i - T8 1
7- - 78 -'9 - T1O
TT4 T7 - L2 I]

T5 - T7 - LI I

T6 I T2 - 1,1 - L,2 I
V/ 4
TS 5
78
TIO 3
TIl

T12 3
LI 9
L2 2
L,3-

L4 1

Total 30

1
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4.3. 7 Mechanism of Production of Spinal Fractures During Ejection

The mechanism is one of fracture by compression of a more or less flexed spinal column. Broadly the
Injuries are of two types - firstly, occurring at the dorsolumbar (or lum,o thoracic-tronslator) hinge (TiO to
L2) and on landing; secondly a high or medium thoracic location (T4 to TO) occurring at the moment of ejection
from t.o aircraft.,Dorsolumbar hinge fractures (TI0 to L2) are met with 17 times out of 30 after a lajding under poor or difficult
conditions (parachuti6tR fractures occurring in hilly terrain or with high surface wind). The fractures of T4
to T9 are due to the seat hatness altering the spinal curvature. A bad seated posture of the pilot on his ejec-

tion seat leads to flexion of the spinal column. These observations hae been made as a result of examination
of crash injuries and statistics. The classificatfon is obviously somewh t broad because it ir, not always
;.ozaxble to state that a loxer thoracic fr-ature in particular, may be due to poor position of the pilot as the
seat leaves the aircraft, or as he lands, for these two mechanisms may combine to give multiple fractures.

4.3.8 Studies Carried out at the Flight Test Centre

In epite of its great interest, the assessment of strength of the spine in kilograms is not entirely useful
when one is referring to ejection seats L.ployed in aviation,

4.3.8.1 First studies

From the very first studies carried out in Germany it has been mandatory in any investigations on acceleration
to consider the factor of time.

Richter in 1940 applied accelerations increasing from 2.2 to 15 g for a per.tod of between 1/10 to 2/10 of a
necond. It was found that fron 10 g the subjects felt pain at the level of the chest and neck. The vertebral
thrust from bottom to top results In a bending forwards of the head, and subsequent trials showed, at accelera-
tions above 15 g, compression fractures of the lumbar vertebrae (Welsehofer (1943)). Previous work had shown
that accelerations above 18 g could be tolerated aud that the peak could reach a value of 25 g for 1/10 second
for an acceleration of 300 g second-, Subsequently experiments in aviation medicine centers of USA showed that
the human body could tolerate without risk of serious injury, accelerations greatly in excess of 40 g for very
brief periods (less than 1/10 second).

4.3.8.2 Te studies of Latham (1)

The studies of Latham (UK) were the first to draw attention to the roly of the seat-pilot assembly as repre-
sented by two masass suspended together by a spring, T.is idea explains in a general way the origin of the
vertebral injuries noted in some cases of ejection (as where the pilot has replaced the seat cushion by another
much softer one - Figure 28). Tubscquent work especially that done with the Flight Study Center at Bretigny
(H. Seris and R.Auffret) has shown that the seat-pilot combination Is in fact much more complsx. The pilot
must himself be considered as a combination of suspended masses, each elementary mass being joined to the next
mass by combination of spring and shock absorbers.

Latha placed accelerometers on the ejection seat and at the level of the pilot' a hip, and the data he obtained
(Figures 23 and 24) showed differences in the level of acceleratibn as well as P. dephosing between the ejection
seat and hip. ften the pilot was seated cn an elastic cushion it wen found that increases of acceleration took

place at the level of the hi.

4.3.8.3 Studies carried out at the Flight Studie, Center at Bretigny

H.Seris and R.Auffret at the Flight Studies Center at gretigny have s%.. ied ejections through the canopy,
by making use of the series of accclerometers, siplifiere and tape recorders with very higi, band pass (Fig. 25).
This enabled more accurate measureme nos to be made.

nese authors recorded especially the resonant frequencies of the seat pan (263 hertz) and, even more important,
thp accelerstions of the seat. The cupves obtainei" indicated that these very high frequencies were completely
filtered out by the tushion although the level of acceleration In them reached a value in the region of 50 g.
The corresponding accele"atione at the level of the pelYis and of the lumbar region war of 20 g.

The same phenomenon is observed in tht pilot in whoi, each vertebra along with the onvironmuntal soft tissues,
constitutes a distinct mass, each of which is bound to the next one by a spring (the intravertebral disc) and
by a shock absorber (the paravertebral muscle masses) (H.&rla). The importance of this fact is highlighted
wnen one measures the compression of a lumbar vertebra of the cadavar during ejection,

On Figure 25 a peak seat acceleration of 50 g gives rise to an acceleration of 21 g at the right iliac crest
tnd 3d g at *,he level of the head. It will be seen or. the vertabral compression curve that this peak only gives
rise to A compression of 2. 25 kn' (abnat 225 kg). On the othe- hand at time 0.17 on Figure 26 an acceleratit.
of 8 g becomes 10 g at the Iliac crest and 12 g at the head, The vertebral compression in spite of the longer
duration is then of 4 kn (400 kg).

U - kilo-newtons (translator).
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These facts can be explained on the basis of the esponse time of the vertebral column. tIus. 0.03 seconds
is required for the acceleration to he transmitted from the pelvis to the head. If the peak lasts less than
0.03 seconds, when the head Is accelerated the vertebral column will be less compressed (Curve 25). If the
acceleration lasts several hundredths of a second, all the shock absorber systens are at their limit and the
vertebra is subjected to compression corresponding to F = my . Thus the Ideal cuohion will filter out high

accelerations corresponding to vibration of the seat while the body also will act as a filter. One can thus
follow the concept of very high acceleration acting for a very short time. After all are not American rugby
players subjected to 70 g for 6 to 8 milliseconds duz ing a violent tackle'

In conclusion one can agree with J.Martln and H.Seris that accelerations of less then 80 g and lasting less
than 1/100 second do not give rise to body injury on a spine which is receiving these accelerations in the
correct attitude.

4.3,9 Radiological Studies of the Vertebral Colwn of a Subject in an Ejection Seat

4.3.9.1 1961 experiments

R,Delahaye, RAuffret, HSeris and H.Magin in 1961. examined the radiological appearance of the spine of
subjects on an ejection seat supplied by the Aerospace Medical Laboratory of the Flight Test Center of Bretigny.
The sti|dies were carried out in the Radiology Department of the Army Teaching Hospital Dominique-Larrey at
Versailles.

The investigatien was carried out on 10 subjects eqruipped with flying overalls, helmet and breathing apparatus.
These men were placed on a Martin-Baker MK4 ant using first the face-blind end then the low firing handle on
the seat pan. The X-rays (AP and laterul) were taken with a Langols (COlR) machine with a cross beam.

We carried out two types of examination. In the first the adjustment of seat restraint harness was perfect
and the instructions for ejection were followed scrupulously. These were: head on head rest; buttocks well
wedged into the back of the seat; leg restraint strapn tightened.

On the other hand in the second series of testR, the seat harness was loose and the head was allowed to be
off the seat. In this position there is a slight dorsal fleriun which is usually encountered at the time of
faulty ejection. In both instances the lateral views were the most useful, since they enabled one to study the
spinal curves. The AP plates were rather difficult to make use of in spite of the use of varying degrees of
penetration because of the intrinsic opacity of the seat structure.

In the first series of plates our aim was to look for changes in spinal curvature according to whether the
high or low firing position was used but the plates revealed no substantial differences in the appearance of
the spine in the two systems. On the ,qtoe, the seated position reduces the physiolog!(cal curves of ltuabhr
lordosis and thoractc kyphosis,

The second series of experiments enabled us to show that the thrust axis paoss through the centre of curva-
ture as determined by the degree of dorsal flexion. Thus the lumbar spine reduces its lordosis, while the

thrust axis passes through TO, T7 or TS eccording to the degree of flexion. This variation in the thrust axis
affords an explanation of the high thoracic locat!Ion of fractures on ejection as well as of the Anterior cunei-
form compression which takes place.

This type of radiological examination on an ejection seat has 0bsequently been carried out by Levy In UCA.
Our aim has been to determine the appearance of the spine in two kyphotic subjects sitting on an ejection seat.
In spite of following the drill carefully and, in particilar, paying artetition to having the head well pressed
against the head rest, the thoracic curvature did not vary and the. thrust nxis passed through the c.ntr, of
curvature, It therefore seems that the presence of kyphosis is a contra indication to ejection. 1ils e Imination-
is in fact dealt with adequately by the existing selection standtrds,

4.3.9.2 Experiments 1966 to 1967

From 1968 to 1967 Delahaye, Auffret, aeries and Mangln carried out an investigation on tho fractures contriiu-
ting to bad position of the pilot: height of the seat, position of the legs, the effect o! t cushioned head
rest and the effect of weaig different helmets on soinal posture.

The seat employed was a Martin-Baker M14 mock-up with however textile and soft wear as for an air one ejec-
tion seat. Two types of cushioned head rest and two dIfferent helmets were compared. In order to give the
subjects an environment as close at, possible to reality, a flcor reseubling thg of the Mirage IIl win paced
on the seat support and a movable foot rest in the shape of a rudder bar, and adjustable in dintance and height,
was fixed to the floor.

Several subjects were X-rayed in fourteen configurations. In the first four radiograph , a full plate was
used to e~aMine the entire spinal cord and in the fifth to fourteento ca.e the radiograph concentrated on the
skull, and the cervical and thoracic column. Photographs were taken antero posteriorly and laterally in each
of these conditions, cand a tracing of the X-rays subsequently enabled a comparative study of the different
curvatures to be made by super position (Figures 27 and 28).
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A low position of the seat pan tends to restore the lumbar lordosis and the thoracic kyphosis thus nullifying
the changes on spinal posture brought about by sitting down. No variations in spinal posture have been noted
even if the subject brings his legs under his seat when it is in the normal position.

On the other hand a low seat position and the 1 under the seat, does straighten the lumbar lordosis but
it still does not alter the kyphosis. On the X-ra, lates an angulation is seen at the level of the critical
zone between T4, TS and T6 in the low seat position. The fact that a subject might be kvpho-.ic clearly worsens
this observation and favourb the development of fracture.

Spinal Posture and the Rearing of , lelmet

On the lateral X-rays the distance between the structure of the helmet (visible on X-rays) and the vault of
the skull has been measured. Greater than with helmet A, this difference provides an explanation of the changes
in spinal posture, especially in the critical zone, wh}ich are more obvious with the A helmet. The region T4,
T5 and W tends to become more flexed while a low seat position merely increases flexion (f this critical .ne.
This effect would certainly be increased by wearing too large a helmet.

Influence of the Type of Cushion

The various types of head rest cushion can bring the head forward causing only a variation of cervical posture
although occasionally a flexion of the thoracic cord In the critical zone. All factors responsible for bringing
forward the head or the shoulders are undesirable. Some of these are beyond the pilots control, e.g. poor fold-
ing of a parachute, wearing too large or a badly fitting helmet, both of which can cause flexion of the spinal
cord.

The most important factor however remains the pilot's position. It is tuportsnt that the seat height be the
same at the time of ejection as during fligat, The importance of a tight harness is obvious, especially since

the trunk tends to be compressed under the effect of acceleration. The leg position is less important, but it
is preferable to leave the feet on the rudder bar. In this way the body has a sore stable seating and the back
is more easily pressed bank into the seat cushions, This is obviously applied only to seats having leg restraint
without which it is essential to place the feet upon the stirrups. Certain deformities of the spine, in particu-
lar kyphosis are a contra indication to ejection. Each of the factors discussed has only a small influence on
vertebral posture but in combination they may give rise to a flexion of sufficient Importance to bring about a
fracture.

5. CLINICAL FEATURES OF SPINAL INJURIES

It is necessary to make a distinction between the spinal fracture with clinical symptomatology and asymptomatic
fractures. It is this uell established fact which today justifies the systematic practice of spine radiography
after serious injury.

5.1 Fractures with Clinical Manifestations

The majority of fractures seen after a crash, ejection or parachuting accident, are accompanied by thoracic
or lumbar pain but seldom by cervical pain. Pain. the essential symptom of simple fractures of t:e opine, can
assume several forms - sometimes violent, appearing immediately after the injury and frequently giving rise to
serious functional difficulty, whereas in other cases it may be discrete in the initial stages, becoming more
severe several hours after the injury.

Clinical examination, in particular palpation and percussion, reveal localized pain. whilst on inspection
it may be possible to see the protrusion of a spinal process or the localized contraction of a muscle mass.
Usually examination of the nervous system reveals no abnormality but one mky encounter paraplegia or a cauda
equina syndrome appearing very rapidly after the injury. In other cases the pain may be very slight, may not
be increased by percussion and simple ocntusion or bruising would he dignosed if the existence of a fracture
were not revealed by X-ray examination.

5.2 Asymptomatic Fractures

In 15% of fractures observed after aircraft accidents (crashes of light aircraft, h3licopter c'-ahes, 31ider
accidents and ejections) the systematic radiological examination which is nowadays mandatory in the Prench Air
?oIce has revealed the existence of spinal Injuries. The pilots do not have necessarily any clinical signs.

5.31 Injury withcut Fractures

After a jump, a parachutist may develop lumbar pain accorpanied occasionally by Irradiation of P. root type
pain. Out of 136 cases of parachutists vertebral syndrome, 89 (5%) appear Immediataly after the jump ;Michaud).
Repeated injuries, even minor ones, can play a very important part (sue later).
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6. RADIOLOGY IN THE DIAGNOSIS OF SPINAL INJURIES IN AVI.%T;ON MEDICINE

The diagnoois of spinal frccture, amongst flying personnel and parachutists is almost always hy X-ray, This
reveals the "latent forms" described, the seat of lesions, and the number and type of these end governs the
treatment according to the observed condition.

6. 1 Radiological Technique

rhe radiological exanination of the spine in aerospace medicine does not differ from that for ny other
spinal injury, Let us therefore recall the principles which seem to be fundamental to this examination.

1. The entire spine must be X-rayed both by antero-posterior and by lateral views. According to the casualty's
condition, plates will be taken either in the standing position or in decub!tus. In the Air Fv rce, this
compiete examination of the vertebral column is compulsory after any aircraft accident.

2. All spinal anomalies call for the use of localised X-rays (AP and lateral) in which attention must be paid
to the roles of angles of incideace by approaching the examination of each segment via its concavity and by
adapting the technique to the needs of each particular caso. Lateral views will enable o.e to calculate
precisely the correct incidence for the localised plate8.

3. The examination of'a posteri:r arch In the lumbar region can be made at angles of incidence from % right or
left and at aq angle of 450 to the plane of the posterior articular processes In the median sagital plane.
At the thoracic level, the fact that the posterior articular facets are on the horizontal plane, calls for
the use of lateral view tomograms.

4. Tomograms. both antero-posterior and lateral, enable one to make a fine and minute examination of the lesions

as well as of the posterior all of Rieunau. Antero-poaterior tomograws particularly in the lowest posteri:r
planes, are particularly useful since they ensure an almost complete exploration without having to move the
patient out of his supine position.

5. In certain cases with simple compression, a dynamic radiological oxwination enables une to assess the degree
of mobility of the spine, any variation In the shape of the intravertebral spaces, and therelV confirm the
presence or absence of injury either of the inter-spinal ligament (widening of the space between the spinal
processes) or of the discs (pinching or seleccive widening). This radlodynaaiic exploration makes use of
antero-posterior views with lateral right and left flexion and lateral views with flexion and extension.

In conclusion, the radiological examination is always made up of plates of the entire spine, and also of
lccalised plates. If there is an injury, then antero-posterior and lateral tomography is essential for a
precise examination of the posterior wall and of the vertebral lesions. We are of the opinton that radio-
dynamic examination should be more widely employad in the examination of simple compression fractures.

6.2 Loca of the Fractures

Slnce the !umbo-thoracic hinge is the most frequent seat -" .4l fracture in aviation medicine (Table XVI)
whatever the cause of the injury, (aircraft or helicopter cr.n, parachuting, ejection) the vertebrae most
frequently tnvolved are TIl, T12 and LI in more thn 60% of canes. Nonethe'cs, high or medium thoracic, or low
lumbar locations must be systematically looked for as they are frequently encountered. On the other hand
cervical fractures arb unusual r.d are almost only encounteied in parachuting as a result of the opening shock.

TABLE XVI

Showing the Various Sites of Vertebral Fractures in Aviation Medicine

T7yps of injury Cofwest sites Less usual sites Moat unusual sites

light aircraft crash lumbo-thoracic hinge upper or mid-thoracic low lumbar
TIO -L2

helicopter crash I lumbo-thoraicc hinge low lumbar upper or, mid-thoracic
TIO -L2

lumbo-thoracie hinge upper or mid-choracic

parachuting '110 -L2 low lumbar '5-7

ejection lumbo-thoracic hinge upper or mid-thoracic low lumbar
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. 3 i tgna

6.3.1 Generalities

According to Decoulx and Rieunau it is possible to distinguish two types of spinal fracture (PIg. 20);
fractures without lesion of the posterior wall (the stable fractures of Nicoll) and fra.tures in which the

posterior wall Is affected 'unstable fractures of Nicoil).

'1:3*

A C

Fig. 29 Anato-sathololcsil classification (sfter RietUbs,). Lift to rI ght: lu:sbo-tboraeci fracture
without anvolvaemt of the posterior *01 (A) md vith involvement of the wll (S&C)

The first t)pe of fracture ix the oat frequntly encountered (Table XII). In the various statistical data
made use of in this werk we have tound that It, 94% of fractures; the poeterior wall was intact. 7sI3 proportion
is in the regbti of that quoted in several works on apinal injuries (85-95%),

TASL XVII

Giving the Dixtributief cf Fractureti With or Withot Involvement of P1oaterlor Wall
(afta from Air Force. Lirit Aviatioa, Army, Airbdre Troo)

Type of injury Number of V 7 Thout irnv 4'nt I -th involrttrens

!yof posterior wall ;fposteior iml!

light aircraft crash 24 23 1

helcopter crush 26 21

parachuting 195 187 8

ejection 30 27 3

TTAL 27.6 260 i

Ths Itif:equent in-olvcment of the posterior wall (15 cases) has to be looked for zyxtematically because it
can give rise to lesions of the curtral nervous sy-,tem by the displacement of a ?on fragment. With suich cases,

surgical treatmen or the application of a plaitcr under X-ray surveillancu are essential.
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6.3.? Fractures not Involv~ing the Posterior #all

In tne majority )t obisurvat!onni thc posterior sall of Ricimau !s intact as can be confirmed by localised
X-rays. As a check. and as psrt of the reutintg csejcnation. frontal and sggitiul taitigrams confirm the Impress-
ion giv6n by exr ntiu.-i of tho standard plates,

The lateral plAte taken In flexion deMnstrate.s In general a normal separation of the spinal processes.
confirming therebyi the lntegr!ty of the ligaments.

We can now describe the injuries observed, by considering In succession (Figures 310 to 31'1-

(a) the shape of th' body.

(h) the appeartnce of the contours or the plateau and the angles.

Mc the density of ti.a oany structure.

Md affections of the posterior wall,

(e) dieplacements and postural difficulties,

(f) association lesions (discs. lig:Yments and soft tissues).

(S) remote lesions.

6.3.2. 1 The shape -)f the body of the vertebra

The questions here Is usually one of anterior cuneiform cospressior., In other words a reduction In the height
of the vertebra localised to Its anterior part. This usually only affects onje vertebra. but multIple frsctures
are not unusual. e. g. 30 cases have been recorded in statistics from the School for Airborne Troops at Pau;
5 cases amongst the ejection statistics of the Air Furce and 8 In aircraft crahe* (light airci-aft and
helicopters).

Ihe side view Is the more nseful to show up the degree of compression which in the majority of cases Is
slight. Occasionally the antero-posterior view may reveal n widening of the vertebral body or an syametric
lateral compression.

6,3.2.2 A4ppearanice of the contoars of the plateu and the angles

The anterior contours are often irregular. and In compression fractures the anterior angle overlaps the
vertebral contours. The lire of the fracture tit rarely visible which has enpbled Watson-Jones ~o refer to
fractureb lapactei by compression. In man~y cases there Is a tearing of the antero superior corner when the
line of fracture becomes visible a~s an irregular and serrated edle. The anterior etige of the vertebral body
in such cases in In the shape of an obtuse angle. Comapressions fractures are accompanied by'a break of the
anterior part of the plateau, In 75% of cases only the superior plateau being affected. In serious Injuries it
Is not unusual to note an involvement of the two vertebral plateau. Or. the various tomographic sections there
his been no evidence of the contour erosion which is characteristic of an Inflaynatory process.

6.3.2.3 Density wid bony structure

In the fractures examined systematically xh-rtly after injury tlhere is no marked change in the density or
in the structure of the bony area. There Is only some increased density' in the injured portion.

6.3.2.4 Injury of the posterior arch

Ir all these observations the posterior wall of Rieunku was Intact. Thts posterior arch f'-acturer which have
been encountereJ usually involve the transverse processes. Although the sole involvement o,' these processer Is
rare in ejection Injuries, it csn arise In some crash landli-a or in a landing on the back.

6.3.2,5 Dtsplacements and postural complaints

In simple compression fractures which do iiot Involve the poster~or wall. the tedlate sequelae neither
involve vertetthl displacement nor postural difficulties.

6.3.i2.r Asso)ciated injuries

In anterior- cunei form compression fractures, the disc and the liarsaentery system are usually intact, but the
disc next to a fractured vertebra may be affected when the nucleus causes a collapfe of the vertebral plateau
c-n which the disc is ret ing. This can cause the disc ta break without separating, and on radicarephic plates
one sees a narr'owlr,g of the intervertebral. space. These are usually fractures corresponding to the 5econd
mechanism of Watson-Jones (i.e. anterior-cunieiform compression fracture with comminution of the anterior part
of the vertebra). Tais disc !erion can bring about a msore or less ripid Anthrohis anl Is encountered in cases
of serious injury, e.1g. as a result of helicopter or aircraft crash landings on hilly terrain or garachute
lan~dings under poor condtions.
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Fig.30 Fracture of IP- (afftecting -Itirjor vertebral julateau) pjcSction to st*,arpqnc bigrrft

31 ~ iirc' . ~,i j.~- ~ lcort r ,ran!.
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6.3.2.7 Ilexote lesions

These are infrequently found but one cay mention reflex aerocoly. an.d other traumatic lesions, such as limb
frnctures.

6.A.3 Fracture with Involvement of the Posterior Wall (Fig. 3? to 38)

Les frequently encountered than the type considered above. they are however more serious since they are
sometimes accompanied by neurclogical lesions (paraplegia and caudA equina syndrome). This time of fracture
involving the posterior wall may arise in all types of injuries In aviation medicine (Table XVI). The localised
lateral radiograph should lead one to suspect involvemeut of the bony posterior wall for i. enables one to study
the vertebral frmaents and to measure the degree of gibbosity. Tomographic technlques enable one to identify
the number of vertebral body fragments, the orientation of the fracture lines and enables one to determine the
extant of posterior wall involvement.

6.3.3.1 The shape of the vertebral body

In antern-ponterior view the vertebral body is more or less compressed and generally larger. The lateral
view shows separation into two or more portions, the anterior fragmen. being distinctly displaced forward while
the posterior trapezoid shaped fragment bulges posteriorally.

6.3.32 The appearance of the contours, the plateaus and the angles

In a tcvographic section, the contourb of the fragments are quite sharp, bearing no appearance of lacunar
or erosion changes. The vertebral plateau show depressions.

6.3.3.3 Bony sructure density

U3uuIy reveals no abnormality.

6.3.3.4 Involvement of the posterior arches

The posterior arch, and especially the blades of the articular processes are usually normal.

6.3.3.5 Displaceaent and postural changes

Alone with Decoulx and Rtieunau the majority of authors stress the apnrtance of measuring the degree of
gibbusIty in the examination of the patient. This is a essurement which can be effected in several ways -
either by measuring the angle between the siperior s4 inferior plateaux of the affected vertebra or by the
ratio of the height of the posterior to the anterizr edge of the affected vertebra.

If one delineate. the spinal ats, the line passing through the anterior edges usually describes a regular
curve with a large radius. In a case of vertebral fracture with compression, the eangle made by this line
accurately "eaares the extent of the compression fracture, that is to say, the degree of gibbosity, Although
It does tot take into account the frequently marked and variable compression of the discs, this second method
is none the less preferable because the first pethod depends on a degree of parallrlion which does not alwows
exist between the superior and inferior facets of the vertebra.

6.1.3.6 Asociated lesions

One or more discs may exhibit an overall compression or pinching and the ligantry system maj be damaged.

6.3.3.7 Reote lesions

In some cases of extensive trauma the patient may have other fractures e.g. limbs, skull or thoracic cage.

6.3.4 Isolated Fractures of the Transverse Processes

Isolated fractures of the transverse processes are sometimes encountered in parachutists who have landed on
the back, or in sviators after a crash lnding. In one case of supersonic ejection. L.Tabusse. R.Pannier and
LP.Dejahaye found two fractures of the transverse processes of LI - L2 associated with fractures of the body of
T12 - Ll, with an inrolveavnt of the posterior wall.

6.3.5 Isolated Fractures of the Spinal Processes

Isolated fractures of the spinal oroceeses especially at the levels of C. 06 and Cy can be produced te the
opening shock cf thv parachute, They are. however, uncoason (2 casen), and since the new system of parachute
folding h" been employei this type of injury has no longer been encountered in airborne troops.

6.3,6 Isolated Fractures of th* Isthmus

If it Is inde.pd poe stle to sustain these, they have never been detected in the data emplcyed in this current
study.



41

Pit, 32 Parachuting accident. Fareplegia. Fracture of LI1 with involvement of posterior wall

Fig 33 Glider crash -Fracture of L.5
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F'..34 Glider crash (saime subject as in Figure 33). Tornugrnms defining involvement of posterior arches of
LW and L.4

Fig. 35 Stiptorsonic ejection Fractures oif T12 .u'd 1A
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Pig. 36 supersonic ejection (same subject As Figure 35). Rapid Appearance of perivertebral calcificatin
(14 months after injury)

Fig, 37 Parachuting accident - Fracture of with involvement of pobterior wall
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F~ig. 38 Ejection -Coiriinuted fracture of T8 with involvement of posterior wall

6.4 Dfferential Diagnosis

The differential diagnosis of spinal fract-irer In aerospace madicine presupposes a thorough knowledge of the
morphological variations end developmental Anojealien of vertebral bodies which must not be confused with traumatic
sequelaw. We shall therefc. a study in turn the morphological variants capable of being confused with vertebral
fractures, and the alterations associated with a disorder of the embryologicrAl development of the vertebral body
or of the vertebra and disc combination (anterior corners, retro-marginal hernias, Schmorl' a notches).

6.4.1 Morphological VurLants

The most f requently encountered morphological varia~t in vert' ~ is a cunei form tendency which is congenital
but. which may be confused with a traumatic condition.

6.4.1.1 Definition of the cuneiform vertebra

The concept of a cuneiform vertebra his not always been made clear, end furthermore its definition depends
upon the author. One can none the less differentiate the truly cuneiform vertebra, the result of injury end
the vertebra with a cunieiform tendency.

Dubouioz, Legro, Merjanian and Serratrice, in a statistical oxataination of vertebrae having a cuneiform
tendency, only took account, on antero-posterior views, of differences in h~eight greater than 2 mu on one side
of the vertebra compared with the other, In lateral views, the differences between the anterior and the posterior
edges has to be 3 =a or more for Ll, and 2 mm for the other vertebrae. These last figures can be accepted ats
showing the criteria for a vertebra with a cuneiform tendency, and it is our opinion that the lateral views only
are uf value in such determinations. In addition to these numericul data, it seems advisable both to Seze and
Djian and to ouraelves to bear in mind the fact that a vertebra with a cuneifomu tendency has regular corners,
is not damaged, And shows no changes in structure or in density. Such a vertebra is usually the reslilt of a
congenital abnormality. In doubtful cases in spite of the apparent precision of these definitions, it Is obvious
that t.. be certain one is dealing with an acquired compression one must take account of a comparison of X-rays
taken before and after the accident as weNl as taking note of the results of tomograhic examination in AP and
in lateral views of the suspected vertebra. The medico-legal aspents are obvious.

6.4.1.2 Vertebrae with a cuneiform tendency

This type of Morphological vcriart certainly exiAsts end is frequeotfly encountered in daily practice, Indeed
Brocher lays strents or. the fact that the thoracic vertobrad exhibit a moderate degree ef cuneiformity which is
puroly physiological. Vertebrae with a cuneifoiv, ten-dentcy are especially found at the centres of the physlo-
logical curves such as TO for the thoracic eolumon, and T12 - LI at rhe Alumtxo th-irav'ic hinge.

_____
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Fbr the diagr.osis of cuneiform compression fractures in aviators or in parachutists it is essential to be
faailiar with these facts, since these zones are also the point at which the fracture preferrentially occurs.
In order to avoid the mistaken or a missed diagnosis of fracture, we would stress the importance of an ittact

structure and the slight reduction in height of those vertebrae having a cuneiform tendency. With aviators our
tr % is always easier since we can refer to his radiological dossier, so that here, the differential diaenosis
presents no great difficulties.

6.4.2 Changes due to a Disorder of the Vertebral Body and of the Iisc- 'ertebra Gomplex

These morphological changes of a pathological nature present the radiologist with diagnostic proulems more
difficult then those presented by cuneiform variants we have Elidied above and a knowledge of the embryology

and appearances of the vertebral bodies enables one to avoid making a mistaken diagnosis of fracture, To Vecoulx,
such a differential diagnosis presents no difficulty, but he none the less stresses the mistakes frequently made,

even by professional radiologists. We shall therefore examine the following 3 conditions:

- The absence of union of the corners of the vertebra in an adult.

- The anterior retro-marginal hernia (of Seze and Rotes-Querol).

- The results of the disease of the epiphyses.

6.4.2.1 Failure of union of the vertebral corners in the adult ("paradiscal defect"
of 'nglo-saxon authors)

This contson abnormality has been described in the literature as: persistent process of the spine; anterior

paradiscal defect (Hellstadun); vertebral osteochondrosis dissecans of the adult (Galland); persistence of

epiphyseal corners.

Schmorl and Junghaus consider the term vertebral ephipyses to be incorrect, because one is dealing with a

marginal ring. On lateral radiographs of a child one can often see a clear streak at the base of one or of
several vertebral angles. The vertebral angles then appear as little triangular and rounded fragments detached

from the vertebral body ,Fig. 39). In a child this appearance is normal since fusion takes place physiologically
about the age of twenty-one to twenty-two years. The persistence in the adult indicates a developmental condition
which has prevented normal fusion from taking place.

The separation of the fragment from the vertebral body, although usually complete, is sometimes incomplete.

This effect is most frequently found in the anterior and superior corner of the vertebral body, whilst the
anterior and inferior cornar is infrequently involved. The free vertebral corner is separated from the body by

astraight clear line which is regular in appearance and quite distinct from the irregular and serrated appearance
of marginal fractures. Whereas the para-discal dafect will rehain unchanged without tendency to union, the

union of a marginal fracture will be accompanied IW a characteristic deformity: an irregularity in the curvature

of the anterior surface of the vertebral body (a transverse fault).

It is unusual for the detached corner to fit exactly into the contour of the vertebral body because either
it is too small, being atrophique or evcn punctiform, or else too large by reason of excessive growth so that

it overlaps the vertebral contours, We have usually seer. this abnormality on only Li - L2 but it may be associ-
ated with other lesions which may facilitate diagnosis.

Decoulx recommends an examination of the entire vertebral column for although the vertebral body may retain
a normal shape it may also be cuneiform with the base posterially. On the plateaux, irregularities and depress-
ions which are hernias into the spongy bone may be encounteied. Occasionally the complete picture of the srquelae

of epiphvsitis may include the existence of free vertebral corners. Many authors think that even in isolation
this abnornality renders the adjacent disc more fragile, inducing thereby an earlier degeneration. The ex~s.ence
of a lack of union of this type in an injured person has on occasion led to -i mistaken diagnosis of fracture in
spite of the fact that the characteristic features are easily recognisible. In the ejected pilots we have dealt
with, the absence of union has not given rise to any special problems but on the other hind, after crash landines
(landing with under-carrtage up) we have observed this anomaly on a number of occasionri. In one case In particu-

lar, the careful examination of the radiological case history of the pilot of a piston engine aircraft enabled
us formally to eliminate .he diagnosis of fracture which had been suggested.

We would emphasise in thJs connect16n the value af a faultless technique in taking the lateral X-rays since
slight rotation may cause a sutier-position of the vertebral body an of the anterior corner, giving It thereby

an appearance of overflowing like a fractured fragnent. Iii auch a case any discussion on the interpretation
can be eliminated by a tcmogram which brings proof of the nature of the abnormality by highlighting the regularity

of the contours and the integrity and the structure of the detached fragment. An examination of reference plates
or dossier can sometimes intr,.uce a long delay but it can confirm the presence or absence uf union of the

vertebral corner.

6.4.2.2 Anterior retro-marginal hernia (Fig.40)

Wo Seze and Rotes-Querol describe, under the nqme of anterior retro-marginal hernia, a peculiar notch on the

ouperior vertebrel plateau of a thoracic or lumbar vertebra. This abnormality can easily he diagnosed since on
lateral view it shows a gntle slope posterially and on the anterior aspect, a sharp slope. '. is surrounded
by a zone of dense bone. Or the antero posterior view it has tne appearance of a large cupola or of a raioed
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cuoule. This netch may be accompanied by an overall reduction of thf' height of the intervertebral disc, and
occasionally one may observe an osteophytic excrescence on the tntorio vertebral lip. Do Soze considers that
this change is not associated with injury but that it is simply a growth dystrophy wCich takes place at the
level of least resistencl, that is, antertally in the spongy vertebral atructure which runs obliquely down and
fort

This anterior retro-mArginal hernia which is a variety of Intraospongy tissue hernia, s most frequently
observed in Scheuermann's eisease and as sequelae of epiphysitim. Althoigh it is generally associated with
other characteristic signs of thi condition, it is ;osiblo to find a retro-marginil hernia in isolation. After
an injury, the use of the term "anterior retro-marginal hernia" shoud be avoided because the patient may inter-
pret it as a traumatic condition with the possible psychological effjets which are typically associated ith
spinal injuries.

Good quality radiographs usually enable this 0bnormality to he diagnosed but it is, in this connection.
essentiol to stress the need for impeccable techniques, In our examination we have come across twe cases in
which insufficient radiographic evidence led to a wrong diagnosis of injury. A further examination employing
standard techniques and carried out in the department was sufficient to eliminate the question of fracture.
Tomograms enable one to confirm the presence of an antorlo' retro-marginal hernia since the section clearly
delineates the contours of the hernia, the dense appearanc? of its margins and the characteristic orientation
of its slopes.

6.4. 2.3 F4iphysites - Scheuermann', disease type, and their sequelae

These conditions should under no cirumstances give rise to problems of differential diagnosis fro fractures
and they are mentioned here only because in a foreign survey of ejection fractures a certain number of the cases
appeared to us to be uncertain or doubtful, Multiple fracturett on ejection are indeed meitioned bet the X-ray
plates show lesions typical of oplphysitis.

The number of vertebrae affected, tegether with the cuneiform aspect of the body. the irregular laminated
appearance cf the plateaux, the unfused angles, the anterior retro-marginal hernias, appear to be sufficiently
evocative, None the less a localised effect can in certain cases ive rise to difficulties in diagnosis. Thus,
we have found in one ejected pilot a discrete compression of 3 -4 mm localised to T8 together with a Schmorl

marking on the vertebral plateau above it. This compression whose origin could be disputed wan associated with
a slight asymmetry of T6 (reduction in lateral height on the left of the vertebral body), T6 being the inflexion
point of a slight right scoliosis. The intervertebral discs adjacent to T6 were normal. Less marked deforma-
tions ol T7 and TP enabled one to suggest the diagnosis of the sequelse to epiphysitis,

The reference dossier confirmed the existence of these abnormalities and after ejection the pilot exhibited
no clinical complaints. In accordance with Decoulx It must none the leass be noter' that localised lesions in
the lumbar segmert are much less well understood; none the less they do not give rice to apy special diagnostic
problems.

!n closing this chapter we shall cite one classical cause of error, namely, the cuneiform pseud: vertebra of
Schmitt caused by the projection of t.,e glenoid cavity of the scoula onto the first thoracic vertebra.

7. TRAUMATIC SEQUELAE IN AVIATION MEDICINE

7.1 Generalities

Pilots of the Air Force and of Army Light Aviation who have been involved in an accident are all examined
elinicaly and radiologically in the course of the medlcophysiological supervision of flying personnel.

It should be noted that aaongst these highly motivated persons, the presence of pain or discomfort is not
necessarily always notified to the medical personnel examining the pilots and parachutists. Along with P.bance,
we can examine successively:

I. Pain in subjects having an unknown or unrecognised fracture.

2. Pain in subjects whose fracture has been identified and treated.

3. The so-called lumbar pain of effort (parachutists).

7.2 Pain in Subjects having an Unknown or Unreceognised Fracture

The iracture is unrecognised becaufe there has been no radiological examination. In pilots from the Air
Force and from the A.L.A.T., radiographs of the whole of the spine are compulsoy. but in pilots of private
light aircraft and gliders as well as in parachutists we have noted the appearaice of secondary pali usually

at the level of T12 - L.

7.2.1 Clinical Findings

Chronic lumbar pain is the most frequent linding. it is generally aggravated by standing and sometimes by
sitting for a long time, e.g. motor car jouraeys, helicopter flights and aerobatics. Quiet rest usually eases
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this discomfort which in usually localised between T12 and LI, together with occasional rot paih. The clinical
examination occasicnally reveals a gibbosity and more rarely a slight t'urve. There may b- a backward movement
of the spinal procesaes with reference to those immediataly above and below, whilst on palpation a proes may
be tender.

The muscle mases about the spine are atrophied aid there is reduced vertebral mobility.

7.2.2 Radiology

The radiograms show signs of fracture: anterior cuneiform compressAon fracture and crminution. Arthrosit is
not unusual. According to P.Lance it is to these unrecognised fractures tppearing only secondarily that we have
for half a century been giving the names of traumatic spondylitis or the syndrome of Kummel-Verneuil. We shall
return to this rather important point.

7.3 Pain in Subjects whose Fracture has been Recognised and Treated

The pilot cr parachutist reports sick, with pain appearing after a variable time (Table XVIII).

TABLE XVIII

Constltation after injnry Number of cases

unde- 3 months 4

3-6 months 7
8 months - I year 12
1-2 years 13
2-7 years 14

Many c, the subjects had been advised to curry out vertebral exerulses under medical supervision but nome had

not unde:stood tne need for this treatment, whilst others who had started work had sustained injury (motor car
accident, heavy landings in parachute on difficult terrain).

7.3.1 The Clinical Findings

The clinical findings are almost identical to those in the preceding section, and a fairly consistent finding
is of hypotania and atrophy of the paravertebral muscle masses. Lumbar pain is for the most part chronic.

7.3.2 Radiology

AP and lateral X-rays enable one to make an inventory of the injuries. Agzla we take the liberty of stressing
the value of X-rays taken beforehand (at the entrance examtiation for flying personnel). In one case, a cuneiform
4ppearance of T12 had been considered ag of traumatic origin, whereas the plates taken before the accident revealed
the same appearance which was thus a physiological variant. There are some posn-traumatic sequelae and occasional
Gigns of arthrosis on the radiographs.

7.3.2.1 The results of fracture

The radiological examinations consistently show a persistence of the cuneiform compression. There is often
an increase of density in the compredaed corner, but the contours remain regular. In the cse of fracture of
the anterior corner there W.i a remodelling which entails an increase in size antero posterially, of the vertebral
plateau. In these observations of anterior cuneiform compressions, the intervertebral spaces maintain their
normal height.

7.3.2.2 Vertebral arthrosis

Vertebral arthrosis is not constant amongst those who have vertebral fracturer,. It appearo only if the disc
has also been affected in the injury. The radiological picture of anterior marginal osteophytotit, pinching of
the intervertebral spaces and condensation of the plateaux, is not specific. Indeed there can be an increase
in density of the edges and vertebral angles opposite the damuged vertebra, whilst most often the inferior verte-
bra acts as r support.ng bracket. In serious injuries the arthrosls can become a synostosis - a veritable bony
bridge crossing the disc and fusing together two of the vertebrae. In one supersonic ejection, a bilateral
synostosts of T12 - Ll appeared within a month and a half.

We have however been intrigued to se an atypical radiol3gical picture in a fighter pilot who received another

injury secondary to ejection, The appearnce of the vertebral bodies of Li, 1,2 and L3 was normal on antero
posterior and on lateral views, the intorvertebral spaces were at the normal height but at the superior angle
of L3 and at the intervertebral xpaces of L3 - WA. crvilinoear ca.cificttions appeared. Antero posterior tomograms
confirmed in pltu.es 8, 9, 10 (equaltrial plane 9), the calcificotions which 1, been detected on the standard
plates, furthermore at th, level of the Inferior rlght anglo of L4, there wos- a similar type of calcification,

m =) ( ( ( mmm~ ( I
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althouph less dense and go~ng obliquely outwards and dovowsrda. The implantation base was at th0 infnrior left
angle of L4. This latter calcilcatioa matd. one think of & syndesmorliyto type of formation (P'ig.40). A com-
plercentary exm'ination of the dors., lumbar hingo and of 'he iiacro-iliao joint reveale4 no associated lesiens.
so It would apuar that this it Indead a came of yoet-tiawxatic caicificatior.

7.4 Lumbsio of Strain

7.4. f Generalities

It, their report to the Pr"'.ch OrthopyAedic C~ongress, A.Peau and A.Lcitone consldcred that muscular fitrain
should be thought of as a muscular contraction taking place In unusual conditions and giviag rise thereby to Ana-
tomical and functional disoiders,

Into this framework falls the symptcsatology presented tv the parscl'utist M.J.Teybssndier who has made a
particular study of this problem In French Airborne Troojls, and who has described the vertebral pain ao the
"vertebral parachtitin(: syndrome". The pain occuris trequ~ntly - 6. 1- M~ 5 times for 10,.000 J umps In the data
relatiog to the 1,033.525 Jumps made at Pau.

1h e number of case,, which do not come to the attention of the drcror on a parachute urit mst be emphasise.4
since some individuals with pain do not crnsult the doctor' but prefer to treat themselves by means of common
remedies so as not to run the risk of being temporarily rrounded. The motivation of parachutists must be bonae
in mind for In their specialty they are accustimed to a life which is unt free from hazard and they tend not to
dwall on their symptoms. All this enables one oD understwid how isrortant it is for A doctor of en airborne
arit to have the' trust end confidence of the personnel he i3 dealing with.

7.4.2 Clinicul Findings

The parachutist'sa vertebral syndrom6 can appear at any kge and with a variable delay' acLording to the number
wid frequency ol Jumps. In all cases the principal signs are pain Waich can appear eir.'ier as chronic ithis is
mont frequent) or as acute in which it is most marked.

7,..2.1 Acute pain

The acute pain C~n either graft Itself onto a btsis of chronic discomfort or less frequently It may appear
first. It is usually triggered off by a muscular strain such ats carrying a ouitcase or winding %, starting
handle or more frequently by an injury (paracksite jump).

In 138 cases of parachutist's vertebral syndromb, 89 (i.z. 65%) appeared Immnediately after the jump (Richaud),
OCCASionally the pain wis general over the entire spinal axis, but frequently it to lacalited and accompanied
by irrattiation of' a root type pain In a b t or bar or it c. well delineated deroatome. It is made wor:!I h5;
coughing, sneezing and defecation. it appears preferentially at thc lumbar and loeee thoracier level but it can
also Appear in the form of backace, orticolis, cervical ptin and occipital headache. Such eses are much more
frequent than one would believe from thq iopograshtcal aneklyses of fractured vertebabe, The contracture 3f the
parcvertebral muscles brings &bout a marked functioaal Impairment ao well a characteristic postures.

7.4. 2.2 Chmronic pain

Where is the 4uaitied parachutist who does not in the course of private convei'sation complain of lumbar pain
or of other discomfort of vertobral orig~n? Our observatious have been confirmed by many doctors of airborne
troops. Sometimes diffuse, this p~ain is in general localised to a distinct spitnal segasnt and Is not usually
accorpanied by any root pasin except In a s*,!b&.Ute form.

Ithin type of pain is of varjing severity. eased ?r reat Iin bed, increased by a long period of sitting much
m-rc. qo then standing, It is increaced of' course as ,he day wears on and Is awakened by the first movement after
a prolo~nged stay In cne position. It resemblea the, lignerntary typo of pain which can be observed In "loading
sy~droenes"' (Hackett and Troisier).

If there has beon a causal injury it will Ir general have been forgotten and will only be brought out on
careful interrngation. in other cases the time between the Injury and tits &ppearance ot Itrt discomfort can
vesry from 3 months to 10 yearn, being oft an bverage 1 -3 years. Examination of the spinal cord rereals some
reduction of movement end hypotonIc or atrophed lateral spinal muscle xasses. It is oceasionally possible to
alicill tenderness to either percussicn of a spinal process and more fro4liently to pressure in the lateral apinal
foss a.

7.4.3 Radiology

We learn from acne incomplete statistics of PRichSau' fnvolvlng 89 clinical cases of parachutistse vertebral
syndrome. -hat the radiological examinatioi was noilah. ~a 42 cases (47,. 2% of cases) slid reveals sips of previous
spinal complaint in 47 cases4, iLe, 52.8% of tases. The detail of the ideitifiod lesions Is as follows:

25 sequelae of Scheuermann' a disesse, 3 mnodtrato arthroses of the crrvical colurmn: 6 tcodarate arthroses ot
the thoracic and lumbar column, 4 sacralistions of L5 or lurebeaivation of .31: 3 sccusnes.
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The injury rtprepented by the Jump is thus revealing as all those subjects had underecne many selection
examinations during which nothing in particular had been noted, whe.'eas many of their friends had been eliminatec.
becat-se of clinically detectable diseases.

7.4.3. 1 Ift.iiologically detctahle spinal lesions

Dccasionally the syndrome may find its origin in a ridiologically detectable spinal coiditlnn of which the
patient may or may not be stare and which mwy have been present before he took up parachuting or which may have
been acquired since,

Amongst the congenital lesions the following have been noted: slight Apondylolisthesis of L5 on Si; trans-
mission abnormalities of the lumbo sacral hinge (sacralisation and lumbarisation) and frequent morphological
abnormalities (blocks or gaps in the posterior arcs of the last vertebrae). 7be sequelae of epithysitis
(Scheuermann's Disease) are frequently encountered. In this the vzrtebrae are frequently daformed with flaky
plateaux showing multiple notches. Affectione of spinal posture (ecolisis, kyphosis and lordosis) are sometimes
encountered in the parachutist' a vertebral syndrome. Normally discrete, these may not have been clinJeally
detectable.

It is sometimes very difficult to link acquired lesions with a neglected or unsuspected causal injury. One

should not lose eight of the fact that a minor physical condit!on can be associated %!th marked symptoms.

The acquired lesions of this type occur either infrequently, as a result of fractures of the processes or of
the isthmus, or incidentally as a result of disc lesions with pinching of the intravertebral space, or more
frequently with cuneifo:m or communuted fractures of the vertebral body. Very frequently these lesions may
occur in association w.th signs of vertebral nrthrosis. These latter are usually situated in thr lumbar segment
or in the lower part of the thoracic spine whilst a location in the cervical or upper thoracic segments is far
from being exceptional. They can be detected from 25 to 35 years of age and at the 30th as well as at the 3OOth
jumr. The arthrosis may be generalised or may be associated with an old and quiescent osteoligamentary lesion.

It is often an osteophytosis localised near a vertebral interspace which draws attention to a disc involvement

which would otherwise have passed unnoticed.

7.4.3.2 Comparison with other investigations on parachuting and sports

The Italians Fraitta and Camsato have also remarked that "old parachutists" frequentiy exhibited a clinical
syndrome of vertebral origin which is an analogous to that which we have described. In the course of systematic
radiographic examination of the lumbar spine of a 100 of ,hese subjects, they discovered that 50 of cases had
radiological signs of spondylarthritia; 21% of cases had raaiological signa of Boastrep's syndrome and 29% of
cases had radiological sips of Bastrep's syndrome in its initial phase.

In the course of our observations we have not been able to de&mistrate a single case of Basstrep' s syndrome,
and furthermore it seems to us that the figure of 50% for the occurrence of spondylarthritis is very high. It
is possible that their sampling dealt wits older and more experienced parachutists who had done more than 300 -
400 jumps.

In other respects Villiauaey has found arthrosis type lesions in 60% of subjects who were acidulously practis-
ing judo and only 18% in a control group. After havinz selected a group of judo experts who had pain corresponding
to that of parachutists, he was abls to detect in 63% of his subjects, signs of disc involvement which was sae-
times minimal and without any arthrnsis reaction. On a control group the figure reached was barely 7% of eases.

In view of the lack of systematic radiographs of the parachutists' spines we have no precise reference point.
However, for some months, the selection tests for instructor now comprise such an examination so that In a few
years we shall be able to examine this problem more extensively.

7.-1.3 ? Spinal lesions with radiological signs

Very often it is the accumulation of microtraumse to which the vertebrae and discs are subjected at each
jump, that in the end gives rise to a deterioration of these. Radiographic oxamination reveals no abnormality
even in spite of the use of tomographic techniques and an,.'es of incidence specially selected for the exemination
of L6, C7 and T2.

7.5 Other Problems

This radiological examination of post-traumatic effects cannot end without considering two problems whicn
have already been the subject of much work, namely, the spondylollstheses and their traumatic etiology, and the
syndrome of Kummel-Verneuil.

7.5.1 Spcndylolistheses and its Traumatic Etiology

Certain authors such as SWcard have reported cases where the traumat.c etiology of spondylollatheses of LO
on SI is indisputable. in the radiological routine examinations madL afWr ejection or after an aircraft
accident (crash landing in particular) we have never come across a case of spondylolistheses. The type of



fractures observed did not predispose the development of );iM condition. However we mist stre.1s that !t is
possible to Pncounter spcndylolisthesos ats a result of trrauma. Obvioitmly ets a result of the tectx made on
entry (Chapter 8) everyone showing a dissoltition of continuity -)f the Isthmus with or withoizt sundYlolisthest's

will be eliminated.

7. 5. 2 Mh r umi I- Ve rne i I.Syndrome

Since the work of Decoulx and Rieunno (1958) the 8.Nndrorne of Rummet-Vernetil 1 as orig'rR1ly dc9..rilsd haa
ceared to exist.

This syndrome doscribed by Kummel (1891) then by Verneuil (1892) Is chtactorised by a three stage devolopnent
as follors: First, initial .rauma with moderate and transitory clinical signs; sec,udly, an 4 rnternal withot
symptomatology and thirdly the appearance of' gibbosity with a re-at'pearanco ot pain.

The anit~Lmical basis of the syndrome is the appearance of & secondary 1011ase of the vertebrul body Qs
result of Injury. 7he frequency of occurrence of this entity %as hign. let us nnte however that no precise
radiological enonination was carried 'uut at the ti-no of the initial Injury. This failure to ewdsne sufficiently
the patient with L spinal injury had led to a false pathogonic concept whbich for a lonig '.!me hns been widely
accepted. In fact tisi traumatic spfindylitis of Kurmel-Vereuil was acecordirg to Kummel, secoindary tc a post-
traumstic csteoporosis. The vertebral compression vspsred subsequiently.

As a result of the !ncressed numbers of routine radiological examnationn it has been !soissible to demonstrate
numaerous types of fractures. Decoulx and Rieunsu with their large number of cases have nev'er sacn a Vc, t'trauoatic
csteoporosis and they believe that the KiammelVenenil syndrome no longer exists its a clinleal entity.

h.Magin and R.P.Delabaye have examined 102 case hlintoriag of spinal Injury in the course of aircraft acc'.dsnts
from 1951-1963 inclusive. Awrngst the recent injuries (1963) were 8 cooirorssioa fractures of the spine and
12 cases with no lesion demonstrable by radiological mean.s. Old injuries (82 cas, n) Included 8 compression
fractures and 74 injuries without detectable initial lesion. Delayed vertebral compression has never been .met
In the various examinations isde.

Most ortt'opaedic specialists are in agreement with the ideas of Pecoulx and Ri.'umtin. that one rhould no
longer refer to the syndrome of Keunm~el-Vereull. The compression I& not secondary; It is present onl the first
X-rays where it had been missed as a result of absence of radiographic exxniisti1on.

S. AIRCREW SELECTION AND SPINAL INJURIPS

8. 1 Acceptance

8.1.1 (eneralitirs

Having accepted that certain . ~Lors In flight are harmful, It Is necessary during selection to detect any

acquired or congenital spinal abnormalities which could be a zone of least resistance.

The case histories and the static and dynamic clinical testifig eventually guide the radiological examilnation
which is made systematizally on all candidates for pilot, flight engineer, navigator or parachute Iistrctor.

We shall now consider in turn the statistical studiets bearing eo homogensous Populations (non-aircrew).
statistical studies on aircrew; our policy on clinical Investigation by radiological examination (reference
dossiers), atid the action taken in regard to minor congenital alterations of the spine.

R.I. 2 Statist ical Studies Relating to Ilortogrnious Populations (non-aircrew)

Runge %';!,4) found 1174 clinically ailent vertebral alterations (25.44%) in the nouree of 4654 entrance
e"Asinations. These malformations were distributed as follows; lumbrisation of 81 (0 s%;ecr.lettion of
L5 (0. 16%); supplementary vertebral segment (0. 29%), scoliosis (2,23%); spinabifida occultit 01.09%); antero
posterior displacements (spondylolisthesis) (2.03%).

P.Lance quotes the survey of Linden Brown, Larson and .J. R.Mitchell who out of 6748 spines examined found
1929 subjects suffering from congenital abnormalitie2. 1LP.Dela~Ay^s, i.l~angln #%nd P.Boursiquot discovered 801
co~ngenital abnormalities out of 6687 examinations of the soine, (partial or U~A) (survey of 1959-1964 Included
subjects examined at Iliad Larrey).

It can therefore be estimated that I Individual out of 10 (Lar-a tigints I out of 5) has a spinal malformation
or deformation which may make his spine at leafit partially unsuited to so= types of physical stress or to7
serious physical insult.

8.1.3 Stitstical Studies on Aircrewr

Following the finding of vertebral lesions after 6jectiot., the need to verify the f-4diological Integrity of
the spine has been readily accepted by doctors in the Frand, M.- Force, In 1-203 F. Montagard draw attent'.on to
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Ulhe therotical aspocts which have cuided research and techniques. The entire spina was explored. P'.Mantiward
and R.iP1caroles (1950 reported he results of a survey of 1552 radiological files from 1953-1956, The vertebral
In~estigation was ropidly narrowed down to the lumbar segment since at that time the =~thors believed that the
ltumbar spine received directly the imnpact of ejection and was therefore the most exposed to injury.

Thte radiological exwinstions concerned di erent gro~ups of aircraw: experienced fighter pilots whose ages
veldom exceeded 0 years and candidates for admission to aircrew aged from 18-20 years.

8.1.3.1 Rlesults of pairs

Of the conditions encoun4.,'-d Montasr-rd and Picanoles list the fnllowing:

Yertebrwl postural conditlops, slipags and alterations in the disco-ligamentary ayst,,m.

Vertebral postural condiions

The authors seldom found scrious vertebral imbalance and they re~ort only two serious scolises; one without
modification )f the vertebral bodies, the other secondary to a thoracic wedge shaped hemivertebra, On the other
heAd nowe less obvious Imbalance Is frequently described as secondary to a marked asymmetrical eacralisetion.
The anth'rs were ot the opinion that this resulted In a marked lack of fitness for flying. Frequently occurring
slight asytmetries of Lb causing a marked imbalancq were also noted.

Vertebral slippage

only one case of retroliathesis '.afi observed but on the other hand out of the 1552 files studied, the authors
noted 38 cases of bpondylolisthesis (2.23%). In most cases the motto olisthesis affected Ls. It rag always
of first degree. tho fifth vertebra being only a quarter off the sacral base with respect to the posterior plane,
and encroaching not more than 1-1.5 cma. Lysis of the vertebral isthmus was usually seen, especially on the
three quarter and lateral plates and less frequently on the AP views.

The lysis was sometimes unilateral while the gap could either he slight or markcd, In one case there was
no gap but it was the presence of a lengthening of the isthmus which caused slipping. In one subject two
oondylolifithests at the level ',f L4 on L5 and of L5 on 31 were demonstrated.

Alterations in 'he di.sco-ligamentary system

Seldom met with, neglected at first, and later considered as a contra-indication to flying they were dis-
tribut.ed as follows: 8 cases of intrasponp' hernia (0. 51%); 7 cases of antero retro-marginal hernia (0.45%);
5 caues of free antorior corners (O.3 %). Of the subjects examined 4% presented anomalies which ilontagard and
Picanoles consider to be a ccntra-Indicstion to acceptance.

8.1.3.2 Comment

This interesting study underlines the frequency w~th which anatomical veriatiens occur In a homogenious
popujatico with pro clinical signs of 4pinal disease, However, this survey, directed as it was especially to
the lumber spine, gives no appreciation of the general position especially in regard to the thoracic spine
vhich may be injured by ejecticn or crash,

Not knuxting the remote consequences of ejection, the decisions taken have been too categorical. *he importauce
of the lumbo sitcral hinge pathnIogy at that time m4. have justified these decisions as did simple dehiecences
of the posterior arch which resulted in decisions of unfitness for ejection, howeve3r on the basis of wider experi.
ence legislation subsequently b-came more flexible and better adapted to reality.

Eject ion1', crashes and slight malformations

Chance has made It possible to observe the results of ejection or crash of pilots with slight congenital
malformations. The pilots belonged to the first group, that is, of experienced flying personnel who were
tolready converted to a jet aircraft and whose fitness had to beD maintained. The fact the' two of these pilots,
th~ving a dehiscence of the posterior arch of L5 and 81, ejectod without Injury resulted In cancelling the
regulation of unfitness on the basis of "spins biflds"'.

Ill this connection we think that this expression should not be used to describe a simple dehiscence of the
posterior arch of LS or of 8i. We ourselvest would rath'er refer to the frequently occurring condition as
"1dehiscence of the posterior arch". We think that this gap of tho p.osterior arch is not a weakening factor.
In a true spina bifid4 there is 6L congenital cleft of thr vertebral column with meingal protrusion. The fact
that a qualified pilot suffering frow a spoadylolitheais had no vertebral lesion after oJee ion) allows us to
thInk that wo must not be too categorical with regards to fitness of a pilot with congenit abnormality of the
lumber spino, Physiopathogenical stadies have furthermore taught us that ejection lesions are localised to the
mid thoracio spine or to the lumbar thoracic htnae so t66P. regions must be checked by radiological examination.



8. 1.4 air Position

8. 1.4. 1 Role cf the r-nifine rqdinloRical exoaninaion

In the light of previous work and of the experience emerging from the variovs surveys !n crashes, ejections
ard parachute accidi.nts, It ;ippears that radiclogical examination has two roles. First. the eliminatiun of
serious lesions incompatible with fIlyinx, and secondly, the compilation of a reference dossier of diagnostic
and medico legal interest.

Elimination of serious lesions incompatible wVth flying

In subjects exposed to a strict clinical examination this eventuality is rare. An unusual fir.4 ing, however
amongst candidates for flying school. other aircrew or parachuting students has been that of 4 cast's of osteo-
arthritis (3 of which were tubercular) and 3 of rhsumatiseral pelvisporidylites. Among parachutist inatructora,
as sequelae to epiphysitis. spondylolithesis of 1,5 on SI with apovnd'loptesis have been encounterd.

Estt'lishing a reference dossier

The radiological examinations carried out before admission ake up the reference dossier and provWd a radio-
logical Inventory of the spine In aircrew before flying. The medical Interpretation (not read by the candidate)
Is detailed and will note very carefully all the morphological variants am well as the discrete congenital
abnormalities.

The comparison of this reference dossier with that made at the time of an exan'inatio. when. an air accident
occurs or on the occasion of clinical changes sems to its eseeential, It may remove the doubt in the face of
some small alteration and will enable the all too freQuent wrong Interpretation to be corrected.

Personally in our experience of injries (crashes, parachuting, ejections) we hiave on a number uf occasions
been able to eliinate th" diaxnosis of fracture. We note principally 3 causes cf mistaken diaannsis of fraccure:

1. The anterior corner.
2. The retro-marglnal. he-ni"

3. The vertebra with a cunieiftai tendency.

The reference folder ): r medico legal document which not only facilitates the study of an occupational dizeaen
but also Is essential to the defence of interebts, either of the State or of the flying personnel.

In~ commercial aviation this radiologi~al examination seems to us indispeaible for investigation and for
admiss1ion to the profession. Thus all progressive diseases and those likely to comp1icittion will be eliminated.
Some air stewardesses and stewards have complained of luzbo thoracic pain due, according to some-o.* them, to,
flying. !n fact, however, this In sometimes a case Of patients With seQUelSe to stheuermann' s epiphy~itis wh~o
have had to be grounded.

These radiolraphs for admission will make it possible to list the findings and to assert 9rhieh are due to
flying.

8.1.4.2 Technique of the systematic examinat ion

The *hole of the spine Is explored by antero posterior and by lateral views. Two tachilceia are mood.i "'1rstlyi-
segment by segment X-rays and secondly X-rays of the whole of the spille.

Segme:nt by segment X-raysa

If an incidence of L5 is used, the taking of 6 or 7 negs~ives per day in a radioloir3 de),srtmenlt sboo-ld pfifse3t
no probl~ms,

X-rays of the whole spine

This method which Is not yet eurrently uped seems none the less interestize. On twn negatdver 31) ca 90 %-
the entire vertebral column Is explored and Its balance is determined. Cron, Bloch and Waltet (of Btrasborg)
have recently described a techtnique enabling an examination of the whole spine including the lower part of tthe J,
akull and whole of thie pelvis to be made in it physiolo$Sical position. The subject stands, the 'S4t1wt-! 1ro
source to film being 3 metres. " '0

In order to obtain a negative of perfect quality, these authors advised the use oil a 6 konot'on aeneralor
(kenotron zhigh tension rectifier - translator); a tube with a focus of 2 x 2 mm rit peAsibilits, of obtati-Mn
110 kV at 500 600 mAs; 3 second exposure; _n stand with a mobile grid and a suttaoI6 corrmet9.ng filtati.;.

Fellmin has rerfcctcd a daiiee ccmprsrlnit rotatina ccapensating shutter mounted on a iporspex d-xsc. Tki.3
device coarpenaates for the different denslties -:f the body scgeents, the radiiation being filtered for a varying
time. We have no experience of this technique.



Toe second method uses ordtinirye pme jich can tcEk, 4.49ietive of-SO 90 cm. t-is necessary with this,i to Was P, 30 X 90, m castte-,

A series of screens compensate for'the differences in opacity -of the cervical-dorso-lumbsr semene:; a grid
of 110 lines to the inch, ratio 1 , for a film fotis dliStaise of 1860- a holder for the cafettos so thtt they
tmy be placed on a vertical stand.

As with the preceding technique, dovelopment Is made easier by the ude of a folding developing frame which
does not dive rise to any special difficulty when used with a developing machine. This method seems simpler as
it involves less cost, and the negatives thus obtained axe furthermore identical to those of the Strasbourg
authors' methods.

Localined negatives eventually define more precisely the morphologiral abnormalities which can be detected
on those 30 x 90 cm negatives. Personally we are of the opinion that thie method is sufficient to compile the
reference folders.

8.1.4.3 The problem of gonade dose

It hat been said that the practice of routine radiography dangerously increases the gonade dose given to the
flying personnel. The Importance of this problem, common to all routine examinations, must neither be exaggerated
nor under-estimated. In fact measures effected on a model varied from 25-125 mrads for each antero posterior or
lateral negative (Lindell and Lowry-Daweon). These small doses do not appear to constitute any serious hazard
as the adwantages of the useof routine X-rays are greater than the risk eventually taken.

8.1.5 Conduct in Relati6n to Minor Congenital Impairment

It is of course the case that acquired diseaseb (inflammato-y or tumours) or serious congenital ones (adventi-
tious hemi-vertebra, kyphoses, essential or acquired scoliosis) are to be considered as a reason for rejection.

The Intention is not to fail the well motivated subjects yet at the same tine to maintain a normal margin of
safety. The attitude adopted towards corigsnital anoealias differs according to the vertebral eloments affected:
disco-somatic anomaliea, anomalies of the posterior arch and morphological variants.

8.1.5.1 Disco-somatic anomalies

Disco-somatic anomalies mostly give rise to spine deformities and to posture inbalance aid are thus incompati-

ble with flying. Only 2 common anomalies will be considesed; first, the congenital fusion and vertebral plateaux
notches.

The isolated congenital block or fusion, in principle entails neither a molification of the height of the
spine nor an abnormal deviation except when the fusion concerns a large number of vertebrae, The commonest are
the fusion of C2 - C3 -and the sacralisation of L5 ou S1. Since cervical lesions are exceedinily rare in aviation
medicine, the fusion of 02 on C3 must not be considered a cause of rejection if It occurs In isolation. The smee
avpliae to the sacralisation of LS, or the lumbarisation of Sl if they are clinically quiescent.

*W are of the opinion that this anomaly as regards the profession of physical training instructor, must be
a cause for rejertior especially if a ailitary or test parachutist's career is envisaged.

Fotches of the vertebral plateaux (Schmorl's notches) result from abnormal discal expansions. In general,
these notches when multiple or associated with marked alterations of the plateaul, arp a reason for rejection.
On the other hand an isolated and medium grade Schmorl notch must not be considered a cause for rejecticn.

An anterior retrn-marginal hernia, even isolated, however, seems to us a cause for r jectio.n from the task
of flying a high performance aircraft or frrm parachuttng since this alteration makes the vertebral body rv)re
fragile. Moreover, it must be remembered that this anterior retro-marginal hernia is frequently associated
with other alterations of the spine and in particular with the sequelae to epiplystie,

8.1,5.2 Posterior a-ch a'n-a'ies

Pusterir arch- nomalies rtiult from disorders of the neural canal development. There amy also be sriads

menigo-medullary malformatioh, but alterations of a minor type and without any clinical manifestations are very
frequent (10% average).

Fusion failure of the secondary ossificution centres with the various articularly processes has nc hearing
on fitness. It is enough to be aware of then in oiedei" to establish a differential diagn is (possibla confusion
with a fracture). It is to oe remepberod that injury to these vertebral elements In isolation is unusual.

The posterior arch dehiscence is without doubt the commonest congenital malformation. Most often found in
isolation, it is especially found at the lumbo sacral hinge and is usually asymptomat.ic. It does not siter the
strength of the spine ;und is not a cause for rejection. T.. vathogenic studv of spinal fractures in aviation
medicine as well as a precise knowledge of the effects of ejection. crashes and parachuting on the sPine 9 of
many subjects with this anomaly confirm this opinion.



'Dsftipen~ia of 'the, 4uc'mus or on the otlier hand iponi.olysis In a rAis for rejection. This firly common
wcralj(5 ~, i~moaly laersi.In 'ge6eral it 4ftretsmoa -the. last lumbarve'ttobrao(~ i ot ae)

Although the usq, fil1zd-'with differe'rtiatedtiirsea offers a M" rtain resistance *Wd also since this niondylblybis
ix not sitiiimtd In-Aragion lsble to flylig injiio, it must-call for rejection for it5 progression towards
spondylcptesia is too frequent t.o be neglected.

8.1.5.3 The morphological vari~its
The morphological ?ariants are tho least Important coxiganital malformation. Their existence does not carr"y

ar~y lisitation to fitness but on the otherhmni they pose probleles of differential disenoais (ace above). They
consist of cuneiform vertebrae and vertebral corners.

8.2 Surveillance

1. In cases of fractures with intact pomtertal wall, most pilots and parachutists have regtined normal
activity 34e months after the injury, They have followed a treatment based on proaressive vertebral gymnatics
under medical supervision. Surgical treatment (graft) is nut practiced for this cate gory of ftoctures. The
clinical examintatior must be concentrated on the state of the lateral spinal musculature.

Flying personnel and parac~uttes very quickly learn the value af vertebral gymnastics but unfortunat.ely in
some situations, iperaticonAl ueeds or a lack of co-oper.Ation by the patient explain the possible xppesaonce of
a secondary post-traumsitlc syndrome dominated by a persistent pain.

2. In the ras of fractures tnvolvini the posterior wall, definite rejenti-on has been the rule for the ppa-
~chutist and parachutist instructor alike, After a year clear of symptoms certain jet pilots have been re-
caLegorised and authorised to fly. Indeedb one lighter pilot had become an excallent navigRa*vor on transport
aircraft. Another - a Mirage III pilot is now a transport pilot, but theso are exceptions which have needed
numerous medical examinationD and the' must not let one forget the serioumness of these fractures with injuriesto the posterior wll, An injury of this type involves a definite unfitness to piloting a high performance air-
craft and to piloting a helicopter. 7he dowuigradisg to light planes may be authorised but each particular case
has to be considered on Ito own merit.

The pilot, iowvtr, must be warned of the fragility of his spine which han shown a fracture with injury to
tho posterior wal, %id of the meriousness of a subsequent fracture. Up till now only the downgrading to trs:nsport
aircraft pilot Wis Nezn decided upon. It is a fact that the occurrence of fracture at the time of a crash in a
heavy aircraft io exceptional. it sh,;uld be noted, however, that some pilots have been downgraded as a result
of posterior wall fractures sustainbil In road accidents.
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PART 11: THE AFFEUTiOS OF POS'IVXE IN AVIATION MEDICINE

I. INTRODUCION

Thio chapter will deal only with backache of helicopter pilots and the cervical Injury of pilcts of military
jizt aircraft. If the pathogenisis of the formor appears to he clarified, the same cannot be said of the la'.ter
where ,nay doubts still persist.

T'hese two conditions constitute true occupational ailments of aviators in that they are caused by flying.
Are there other occupational diseases? The vertebral syndrome of parachutists considerod earlier cornea into
Wei catagory, being due to a profesoion In which microtraumse are frequent. Does the same apl to lumbar dia-
covfort offsrred by Utransport aircraft pilots and by cabirn staff which some have considered as a separate
conattion? This i6 a cas of common aches kid pains caused :jy the presence of an arthrosis which would Lave
beon manifest 6ven If the subject had not been aircrew so we shall not consider this type of discomfort In the
fraework of thir, study devoted to the pathology oZ posture.

2. VERTIBRAL PAIN IN HELICOPTEP PIL075

Z/. 1 Itroduction

Vertebral pain of helicopter pilots has been ktiown for many years. "In 1938, the pilot MaurIce Clause
reported unpleasaant vibrntion causing the whole ai rcraft. Io Mhake which, after an hour's flight caused thia
pilot to hasten back to the hangar In order to look after hie aches and pains."1 Thia sentence quoted by Vice
Admiral JoUbellu is still true. Since helicopters tame into general use in the Air Force in 1950, doctors have
demcnstrated the relationship between vertebral pain afid helicopter piloting.

Ile must quote the clinical work of 14isonard end Ternaeu (1957), of Fabre maid Uraber (1959), of Montagard,
Sais and Guio; (1961), of Zliosberg (1962), Heatk (1956) and Wiesner (1960) in recard to pathogenisis and also
th(; measurements of vibration on heavy helicopters by Feris and Auffret (1966).

2.2 Clinical Studies

2. 2.1 Freq-:ency

The frequency of occurrence varies according to the authors; 60% (Montagard et &I.); M0% (Missenard and
Graber). Sliosberg noted 87.5% but this high value can be explained because the investigations concerned only
pilots working in an operational area,

2. 2.2 Predi spos ing Condit'ions

Pain occurs ornly after %bout 300 flying hours on an average. The frequency of the flight plays a great part,
thus Sliosberg found that lumber pain occurs after flying for 5 hours a ay and from 40-50 hours a month.

Most authorn stress the predisposition which results from pre-existiii6 spinal lesions (arthiosis, sequelae
to Mcheuermann's epiphysitis for' instant-). These pilots experience symptoms earlier (50-100 flying hours) but
on the other hand s streng lateral vertebitl musculature can increase the resistance to vibration end delay the
appearance of the disccafort.

Thus in a supine position, being on holidiay, a change of nircraft, and In particular, being a passenger on
an aircraft bring about a reduction in or dis&pcarance of the pain.

2.2.3 The Clinical Symptonatology

The clinical ay'tomatology Ib emennMally low back pain but it is possible to note some cases of cervical
or of riioracic pain.

2. 2.3. 1 Lunbar or low back pain

Lum1war or low back pain Is os't frequent and may give rise to ilttle discomfort or to muscle spasm situation
in the low lumbar or astral regions. This discomfort disappearr after the flight. In the more severe condition
this dilfcomfort gives way to pain Mhich becomes more Intense towards the end of the day, persisting In fact
throughout the evening but disappearing after a night'q rest. The patin which is made worse by coughing, or by
defaecatlon Impairs flexion and car, be localised either throughout the entire ength of the spine or else only
at the level of the lumbar thoraLic or lumbo sacral hinges. It is furthermore not uncommon to find Irradiation
into the scistic nerve.

The clinical examinairn of trne erect s"bert shows from in front, a po~,ture which is sometimes normal, some.
times *tonards or away from the vide of tne pain. S~een from a side view, the patient may less frequently exhibit
an inversion 9f er a reducticrn of the lumbar lordosis. Antero porterior movements arc litaited and Laseguc' s
sign is sometimes positive. 4lonnitt' a sign (pain on adduction of thts thijh) may give rise to somPe discomfort

Preceding page blank
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wlhIc nay also exist with-pressure on Vxlleix's points (tender "~into on the course of oartatin narvow In
neuralgia - translator). The neurological examination is nearly alwas normal if, regard to motor control,
tonicity and reflex respeness.

2.2.3.2 Cervical pain

The cervical pAn arises both low and medially. Linked to s; hy7per-oxtenslon of the head, it can-in oome
cases irradiate the upper limb and give rise to a classical a~uptcmatolcgy of corvico brachial neuralgia.
Occasion~ally found in isolation the cervical pain is more usually founi in assoziation with low back pain.

2. 2.3.3 Thoracic pain

Thoracic pain arises in the mid regions and its character !r ',hat of dull ache rather than true pain,
Extension movements oi the trunk oambined with backward movement of the arms causes this pairs to diapperr

2.3 Radiological Stadies

Radiographs in 30% of helicopter pilots examined at the Dominique-Larrey hospitsl sad taken before treaw.-
confirm the integrity of the spine. On the other hand ic. 60% of cones there existo3 a scoliocis attitude without
rotation of ti'o vortebral bodies. This antalgic attitude generally centred on Ll or L2 is not accompanied by
changes of vertebral mnorphology. Radiodynamlc I.-. s (olotts- 'i'-q in lateral flexion) do not teveal any Qlap or
selective pinching of the interve-1rz1a spacer. -!I as these leed us to think that we are not
sealing %it:, oL frank disc lesion.

It is possible in 10% of cases to note the presence of signs of low lumbar arthrosls (antorior marginal
osteophythosis of L4 - L5 and pinching of the intervertebral spaces) and also the presence of traumatic sequelae
(anterior cuneiform compression). In a helicopter pilot complaining of lumbar pain with sciatic irradiation
after prolonged flights, we have by means of standard plates and tomograms, been able to observe a most unitsual
radiological condition: osteophytosix - marginal posterior and inferior - of L5. Radiculography using methiodal
shows up an opaque bulging of the posterior column at the inter-space of L5 - Si (probable discal hernial.
Although it wa3 not possiole to he certain of the specificity of this unusual arthrouis it should be noted that
It was in fact aggravated by helicopter flights and by travelling In a motor car.

For 6 months we havo been studying the appeltrance of the spine in subjects seated in the 24mv position as for
piloting. We have had constructed, a mock-up of an Alauqtte 11 which was taken to the X-ray roce;- at the Dominique-
Larrey hospital. Antero posterior and lateral radiography will enable one to 1cok for vilriations In spinal
posture produced by piloting. This will be effected by 30 x 90 cm plates. Different types of seat sand different
positions will be employed and in parallel a questionnaire Involving 100 pilots will be initiated.

2.4 Ptiysio Pathogenesis

The vertebral pain of helicopter pilots Is not specific since it is found in motor car drivers as well as in
the drivers of agricultural tractors but they are none the less most severe In flying personnel. 'The pilots
bad seated position and vibrations explain the appearsince of this discomfort.

2.4.1 Band Posture due to Piloting Conditions

The limbs are constantly In use. Both feet operate the rudder bar, the right arm the cyclic pitch wheres
the left arm operates the collective pitch ad at the same time regulates the throttle control. Tis use of the
collective pitch control causes the body to lean to the left and furthermore in order to see the pilot say nale
to lean forward. Thus his body is continually in a state of asymuetry and Sliosbers; puts forward 3 causes of
the discomfort (Flg.41). There is first the asymmetric attitude prevention relaxation of the spinal musculatire;
secondlly, thq persistence of this attitude during the task of piloting ad thirdly constant tension of the sp. nal
accessory muscles due tc the forward leaning position adopted by the pilot. Sllorbers; furthermore attributes
this pain to muscles being InI constant, tension (which may be itself accompanied by ptn) and a mechanical
vertebral cause.

Keegan has shown that a obated position brings on an increase i- pressure at the anterior part of the inter-
vertebral disc. The force exerted by the vibratinsi will therefore increase tnc existing higher pressure and
press back the nucleus pulponun towards the Iligmentaery sheath ad the norvo roots. Lemning forwurd will worien
this discomfort. in the phames of flight corroaponding to take-off and lading this position !m combined wltox
a lateral flsxion Wo reach the low mtop on th ecyclic pitch control. In these phases of flight marked lo;w
troquenny vihratinn are ofte n enuntorod,

Wijoinsa iluseriltes fI eomorl, Njan, onvordtc to which each teapsent nakes a mpatific angle with the segment
of the NJdiet l imit, This oalo corrueponils with the relanation position of the antagoniat muscle groups.
Accordi.Ng to those nfforl n~q11L an 10illad hy 41isenesr, tho pilot'n ponitinn it; very poor op' the Sikorsky 38
and ori the IbIl Aimirct hobttor on 1,h1u Alnoutti, And excel Iept on the auver Prolon (Pig. 41).

4, 4 2 I's ler'l fil
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2.4. 2.1 Very -low- frequaey vibratianir

Very low frequency vib3'Ati63_ 1et tnahrotruenenpa nlosee lgt and when tlylng
thro*g cloud. They are mede upof the -roopoes to aercOnsl effects and to actions by the pilot mediated
through his servo cohtrols (Seria &nd Auffret). Thase vibrations are in the resonant frequency rral. of the
human body and of the seait.

2.4. 2. 2 Vibration# of mecchanical or~gin

Vibrations of mechanical origin are of higher frequency and come from the main rotor and the tail rotor,
from the engine, and from the transmission. In the descriptions of Ilmaca and Dackmean the human body can be
represented as a system of suspended masses In which the muscle masses and the intervertebrial Interiititlal
tissues pJ!a3 tht. part of springs and of shock absorbers (PiX.42). The shocY absorber paravertebral muscles
limit tha slceleti movements, and the hard work which this entails thus bringr on contracture and then pain.
With fatigue the efficiency of thene shock absorbers is reduced and may even diesnpear In Webc cast the vibra-
tions may act directly on the entire vertebra and disc.

The system of suspended masses which the human body. represents, resonates at particular frequencies (4-6 Hz).
It is a fact that given equal level of stimulus, the further the frequency in from the body' s own frequency,
tte less unpleasant It acgears to the pilot so that the resultant discomfort Is loe.

2.4.3 Measurement of Vibrations (C2V Bretigny)

Seris and Auffrat who studied the problem of the shock absorbing or asplificstion of vibrttions by the super
Prelon aeata have found that most seats employed in aviation, have a frequency response within the resonant
frequency of the human body. The vibrations of the aircraft are therefore transmitted to che r1ot, with an
amplification of the mcat harmful frequencies.

On the Y axis of the helicopter t~e following have been recorded in low lovel flight at a frequency of
4 Hz: 0.05 g at floor level, 0.8 g at the level of the seat cushion and 0.16 g at head level. In this case the
zeat/pilot combination corresponds to an amplif icatiUon of x 3. Between the seat and the pelvis there have bec.
recorded an amplification between the frequencies of 2 - 11.5 Hz; it damping (ratio 2) for the 20 Hz band; a
dampin~g (ratio 4) for the 40 Hz band and a damping (ratio 13) for the 150 Hz band.

The ame phenomena are repeated along the bWdy. Thus. according to Dackmann, the extent of damping between
the pelvic and the shoulder is 1. 25 to 15 Hz; 2.5 at 20 H~z and 6.5 at 40 Hz.

The harmful nature of the low frequency vibration (in particular between 4 - 7 Hz) must be stressed, particu-
larly since these are poorly damped by the seat. To ds'r them out is difficult, and Indeed it is impossible tc
lower the natural frequency of the seat to any markcd extent without considerably incresing its mass. One
possible solution might be to mount the oeat on a hydropneumatic suspension.

Each snett has its own particular frequency spectrum, thua Alouette 11 his two peaks 0t 6 And at 18 HA;
Sikorsky 50 has two peaks at 3.7 and at 15 H2: whilst the super Frelor, Is Piostly above 20 Hz. These vibration
measurements explain (Pig.43) why the super Frelon enjoys a better reputation than other helicopters amongst
flying personnel. Furthermore because of the backward tilt of the seat, the pilots position is more comfortable
than In other aircraft, whilst thanks to a well positioned collective pitch control. th-a pilot does not have to
lean forwards and to the left.

3. THE CERVIC~AL COLUMN OF MILITARY PILOTS OF JET AIRCRAFT

3. 1 Generalities

The position of the pilot seated on an ejection seat is obviously far removed from the position of comfort
as defined by certain authors, in porticular Wissner. Certain requirements such as ejection, %isibility of the
radar tube and downward visibilicy .- ahead and to the side, compel the pilot to adopt set attitudes.

These positions a ~e In themselves certainly not sufficient to cause osteo-srticuletory conditions hot they
act as an aggravating factor in regard to the effects of acceleration and vibration.

The most frequently encountered acceleratioins are in the seat to head direction when the weight supported
by the cervical column is equal to the macu of the head multiplied by the load factor. One must of course bear
In nl!nd the weight of equipment which the .ubject may be we'.rinx: a pressure nelsat for example, weighs 4 kg.

Vibrations arc particularly marked in certain phases of flight (taxi-ing, take-off, low level flieht, turbu-
lence and landing) in which thu pilot Is In a poor position, leaning forward and In a set posture.

3.2 Studies

3.2.1 7J.Salc (1958)

J.Salq (1938) who is a doctor In The French Air Forcc, drew attention to the effect of thi) considerable
otatodynasnc work to which the cervical spine ift subjected.
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Before beginning training on the ejection seat rig, the spines of 00 pllts of a Pghte-sq uadron, were
systeuatically X-rayed. Sale found 40% of obnoialitles at the lUvel of tb, cervical spine avd so he coAsulted
168 files at t.. Centre Principal d'lixertise MeJlcale du persor, nO ' ,1:.ant in Paris.

Frontal and latnral viess of the spine, tckan in a standinx position, werp in a number of subjects added to
by a dynamic examination in which lateral views were taken In hyperflexion and in hyperoxtension.

In 228 young pilotH (average age 25. 4 years) Sale found 11 normal (48%); 121 showing toy (526%); 11$
caes of altered lordoais and 5 cases of arthrosis affecting C2 - C3 (1 case); CS - C6 (3 cases); and CO - CV
S( c.se).

Irregularities in curvature were detected by a measurem,nt techn ique described by Arlet st &l. (F11.44) were
diktributed a fellows: 12 cases of attenuated C/F lordocis; 59 cases of straighteniug of the spine - either
complete or affecting kt least 4 vertebrae; 17 cases of reversal of the normal curvatture.

,heve irregularities were sometimes associated with vertebral displacement or with limitation of extension.

Such a percentage of abnormalities in young jet aircraft pilots with n3 history or injury, urged Sals to
establish a correlation between the observed Irregularities and the work of the cervical spine.

3.2.2 R.P.Delahaye and P.Edouard

P. P.Delshsye and P.Edouard, in an unpublished stud,v, analysed 120 radiographs of fighter pilots (1989-1962).
They found over 80% irregularit.es of curvature amongst subjects aged from 20-30 years whereas a onLzol group
of 120 subjects of the r.qee age, who had not been exposed to the hazards of f3ying, showed anomalies of curvature
Jn only 5%.

3.2.3 R.J.laaburger and J.G.Puister (1960)

R.J.Hamburger id J.G(.Puister (1960), further to the report of J.Sale, carried out an extensive stitodynmic
exemination of cervical spinal lesions in fighter pilots (National Centre f~r Aviation Medicine - Soestsrberg,
Netherlends). They examined 100 Jet aircraft pilots of sversge age 27.5 years (Group A); 100 pilots of con-
ventional aircraft (average age "26. 1 years - Group B), and 100 student pilets of average age 20.1 years (Group C).

All these subjects were haalthy and with no history of vertebral injury. Radiographs were taken in a normal
attitude (AP and lateral) and in maximal hyperextension (lateral) knd maxical hyperflexion (lateral). Hamburger
and Puister looked for signs of arthrosis and abnormalities in curvature. They measured the mobility of the
cervical column by a technique outlined in Pigure 45.

3.2.3.1 Reaults

Research on Arthrosil

[ Graupj A (jet) J Group B (conventional) Group C (pupils)

One established arthroslin at 12N slight signs of arthrozis One established arthrosis atC6 - C7/ O> - C7

16% slight signs if arthrozis 14% slight signs of arthrosis

These percentages are not statistically significant.

Aiomalies of Curvature Classed an
R (Recti-he) L (Lordosis) K (Kyphoxis)

Group A Group B Gioup C Totu!.

R 42 35 26 I13
L 51 55 65 171
K 7 10 9 28

examinations lCo 100 100 300

'.he differences are net significant.



-3. V.3. 2 Moility of thf-earvcmi 60liigt
The Dutch authors careied-out a study of the tota I mobility of the cervical $Pine .by 1k atstitilcal method in

which they ooaprd hyp~re~tsnsiOn? hyperfloxion and the ttlmblt tec ftegop ,I n .To
conoluded that group 0 (studen~t itilots) haJ'a greater mnbitty eapeciall., In toperextension, than groups A sz.d S.
they fdund thAt group B (conventionWI airor.1,t) showed less hypqraxtension bhiat On the other buad #reater flexion
wit"out Impairment of total moblity. IHamburser ad Puter thereforo invalidate-the results~of Dais but it
should be noted that In the Dtoth atudy the &gl of tha contrnl Population was relatively lower than that of tile
pilots. ftrthernors. aircraft are flying at higher- speeds and w~th higher Accelerations. Finally, it should
be nyted that-in the majority of cases which w" haye seen, it seems to us difficult to makce a distinction between
slirht sad marked signs of arthrosiA.

J. 2.4 Lmasaon (1961)

Lasat..'n (1961), in a well documented study, otressed the frequent locaiistion ot oateopathic lesions in
the cervleal snd l umbar segments of the spine.

3.2.5 Volek Josef (1962)

Volek Josef (1962), found over 10% more arthrosis In K group of pilots than in a norcal povulation of the
same age, He suggosted that microtrause tV accelerations and by prolonged vibrations right be responsible.

3.3 Obsirved Facts

In the practice of aviation medicine we have observed a certain number c facts which, it semis to us, ahould
be borne In mind as arguments in favour of an occupatiotal. disease. Cervical pain Is fairly colmon, especially
In prolonged flight with In): tltitude, *lere the level of vibration Is very high. It is probably linked to the
fixed posture of the pilot and tc the need to control 1-hq aircraft end to read the instrul~ente.

After ejection wherc the radiological examination has established that the spine was undaged severs-i pilots
rone the less report sick tyith occasionally most persistent cervical pain which is tometimes accompanied by con-
tracture of the ve',tebral muscles and of the trapsius. There is no neural Irradiation of the type usually met
with in cervica-brachialia neuralgia. Is it possible that accelerations, and especially repeated accalerations
in the a x axis, may give rise to a change in the disct; particularly in the cervical region') That this may
be so is suggested by the fact that cervical pain Is sometimes experienced as a result of marked accelerations
and In the absence of any arthrouis.

Jean Deb. This subject experieeced his f~rst cervical and lumbar pain at the age of 32 during an iarobatic
sortie cc aL Fboiga.

Theae acute pains diminished in a few days only to re-appear chronically. The spinal posture and movcaent
revealed zo abnormality and radiography of the cervical column revealed an anterior-marginal osteophytoals with
signs of srthrosis to the right -C3 -C4. and left C5 -CO. The lumbar spine was normal on X-ray. The observa-
tions of a doctor-pilot have shown that accelerations may give rise to a cervico-brachial neuralgia se a result
of arthrosis of very 2!epid onset (unpublished work). Jliteral, antero-posterior, and oblique radiography in
pilots of less then 30 years of age rev~ealed an arthroai* whose high location (C2 -G3. C3 -C4, C4 -C5) has been
often held In France to Indicate the traumatic origin cef the arthrosis (L.Roche). in 911 those specialist
examinations in which our advice his been sought we have borne in mind this topographical argument to link
arthrosis with air experience.

3.4 Current Studies

There being some contradictions in the Investigations reported above, it is difficult at this time to give
definite opinion and It seems In fact necessary to continue the inveatigation over a period of Years. As what
Is normality becoes mare clear, a radiodynusic Investigation of the normal movement of the spinfi should be
Initiated. Many rheumatologists and radiologists stress the frequency of occurrence of arthrosls in the Young
adult aged 20 years. X-rsys of the cervical segment taicen oil entry for airorew could be compared with those
taken 5 years and 10 years later.

G.Oueffier, in a report on work carried out in the Radiology department of the Dominique-Lal'ey hospital
with the help of the Flight Trest Centre at Bretigny has drswn up a preforma on which will )e the following
inforation:

Subject.s %ge: aircrew position. I.e. pilot, navigator etc: n~umber of flying hours (conventional aircraft,
jet aircraft, helicopters); type of curve In lateral view (straight. lordosis. kyphosis), inoex of lordosis
(Arlet) (Pig.44): the extent of hyperextension and h.perflexion in millimetres (on the dynamic plates -
Figure 45); the presence or absence of arthrosis; the type of arthrosils (osteophytooss uncirthrosis);
vertebral displacesents (anterior or posterior): pinching of discs (anterior, posterior or general): the
level of this pinching: the !der. of a "break" inl the cervical curve. Its level and hjw it appears (flexion,
extension or neutral lateral position).

The proformae concern sircrew chosen at random a-; well. as a control population not subjected to the hazard
of injury sn-l a group of patients who have been Injured (fskuLl or cervical column). Some subjects have been
examined by radiocinematography so as to verify the movement of the cervical colun. The uie ot an image In-
tensi f) ne screen observed by television hac enabled Hhots to be taken at twenty- four framet4 per second.
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The results of this investigation on 400 subjects of whom 100 ar6 aircrew, are being analysed, They wi)! befollowed up and particular attenliofi will be paid to the chang,.' in cervical dynamics a? ring fro: th wearii,of a ,elmet. We have chosen t.. -ake use of the method shown in Figure 46 rather than other methds (Figures 4?ad 48) which do not lend themselves so readily to a rapid statistical evi.luation of angular displaements.

I

Hyperextenslon in mm Hyperfiexion in mr

to

C 7

Vig. 46 Measurements made on our dynamc radiogrms
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Pig.47 Measurement of angular displacement of each Fig.48 Measuremelit of angular displacement of each
vertebra with respect to the lower adjacent one vertebra with respect to the lower adjacent one
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PART III: ACQUIRER VERTEBRAL CONDTTIONS AND FLYING PERSONNEL

Two acquired conditions of the vertebral column are fairly frequently encotntered in flying personnel. These
are: arthrosis - a degenerative condition, and rheumatoidal pelvi-spondylitis - an inflammatory condition.

These diseases are of equal interest by reason of the problems which they give rise to in avirtion.

1. INTERVERTEBRAL ARTHROSIS

The arthroses are the chronic joint conditions whosq lesions consist of destructive changes in crrtJlages
and in joint ligaments associated with proliferative lesions.

1. 1 Pathological Anatomy makes the Distinction Between:

1.1.1 A Menisco-Somatic Arthrosis or Disc Arthrosis

A degenerative arthrosis of the nucleus pulposus of the disc leads to the forces supported by the spine being
badly distributed. This results in a spreading out of the nucleus which pushes back the fibrous ring, the
anterior projection o'' which irritates the intra-ligamentay cellular tissue and thereby predisposing to osteo-
genesis ' he form of osteophytes.

1. I. 2 Inter-Apophyseal Arthrnsis

This brings together cartilaginous lesions (the !nitial phenomenon) underlying bony lesions, and hyperphasic
s' novial reactions.

1.2 Pnthogvnesis

Arthrosis results from an articular ageing which is more or loss precocious according to the individual. It

is accepted generally that micro-traumae predispose to this condition (porters and labourers). Oise aspect in

particular, however, which seems to be of interest in linking this condition with aviation is the role played
ky acceleration.

Claude Duf: This fighter pilot aged 06 has ..hiblted in the past 5 years, but more especially in the past
6 months, appreciably permanent lumbo thoracic pain which is aggravated by carrying a weight, by forward flexion,
and by accelerations of more than 2g in the + Gz axis. The vertebral discomfort results in a reauction of
the lumbar lordosis, a cjntraction of the paravertebral muscle masses and in a marked limitation of the flexion

and extension of the trunk.

The radiological appearance of the cervical spine is normal but in the thoracic segment there is a scoliosis
w!th arthrosis of TO, " and TlO, charactertsod by anterior osteophytic localised changes. The part played by
even low intensity accelerations is so obvioun in giving rise to pain, that this pilot with 4,400 hours of
flying, is arprehensive about resuming his flying duties since he feels that these can only make his condition
worse, Is it not possible that repeated accelerations way give rise to disc lesions?

1.3 Arthrosls in Sbjects Over Forty Years of Age

At the Do.minique-Larrey Hospital in Versailles and at. the CPMiN in Paris, cases of lu.balgia have been noted
in subjects us:ally over 40 years of age and suffering from arthrosis (transport pilots and other aircrew).

This is a question of clinical and radiological manifestations of arthrosis with no particular characteristics
to dist!nguis them from the arthrosis of non-aircrew. We can therefore not refer to this category into which

commercial pilots may fall, as buing an occupational disease. The subjects usually show c tendency to over-
weight and these airerew, in spite of travelling great distances lead a sedentary life with little physical

exertion. Furthermore, poor dictary habits such as meals wnich are too plentiful, rich and often not well
balanced seem to us to be fairly comron.

2. RHEUMATOIDIL PELVI-SPONDYLITIS

This is the commonest of the chronic inflammatory rheumatisms which affects flying personnel.

2. 1 Clinical Findings

The clinical symptomatolcgy may bi neglected for a long time - particularly in helicopter pilots who too
readily assoeiate vertebral discomfort with .osture in the course of piloting and with vibration. The location
of low back and buttock discomfort, its opprarance early in the day, and the importance of stiffening should
hwevir bring to mind rheuatoidal pelvi-spondylitis

2.3 Padiology

The le ons are at the levei of the sacro iliac and dorso lumbar hlige. ha sacro Iliac intervertebral
spaep ar, vider, and the articular surfaces are blurred and eroded. contrast.ing with the increased density in
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the neighbouring regions of il,)m and sacrum. Localtsed radiopraphy tcveal. the existence of syndesmophytes
most frequently at the level of T12 -, LI.

The E-R (erythrocyte sedimentation rate) is a simple examination which is sufficiently precise to indicate

the progress of the disease.

2.3 Search for Other Locatlions

It is in addition, necessary to seek the special loci of rheumatoidal pelvi-spondylitls which play a part

in the prognosis and discussions on fitness.

2.3.1 Respiratory Systen Localisotion

Localination in the respiratory system with a restrictive type ventilatory insufficiency which is linked to

an injury of the vertebral costal articulation, is well demonstrated by pIlmonary function tests.

2.3.2 Cardiac Localisation

This may be a valvular cardiopathy, usually aortic insufficiency, or more frequently it may be a question of
ECO anomalies Ir, the shape of AV conduction difficulties. bundle branch blck, disorders of rhythm or of
repolarization.

2.3.3 Ocular Localisation

Ocular localisation consist mostly of iritis (10% of cases) which usually run an acute course and whic.) may
leave some synechiae.

2.4 Line of Conduct

With correct treatment this chronic d1sease is normally for some time compatible with more or less normal
aeronautic P,^tivity. The treatment consists of regular vertebral and respiratory exercise therapy which is
essential tO maintain pelvi-vertebrAl supplenesa and adequate ventilatory function. Acetyl salicylic acid and
its derivatives taken daily can relis'. the pain and increase mobility thereby enabling exercise therapy to be
employed, Crenotherapy and physiotherapy are useful adjuncts.

It is only in the course of exacerbations that one employs phenyl butazor.e or indomethacine which are not
without hazard. Some of the 3ynthetic anti-malarial drugs which are less in use today than they were, call for
special ophthalmological supervision.

The decision regarding fitness must take account of the fact that this is a chronic disease which has for
some time been arrested by non-dangerous treatment and therefore maa often compatible with more or less normal
aeronamti, al activity. Nevrtheless, the discover," of a rheumatoidal ielvi-spondylitis during selection
examination must result in a definite rejection of the candidate.

On the other hand, should the condition arise in the course of an individual's caroor, the disposal has to
take account of a number of other factors such as the course of the condition which varies from subject to
subject and whose exacerbations are more objectively quanzified by the increase in erythrocite sedimentation
rate (EBR); the extent of functional impkirment produced by stiffening of the ,pine; the existence of cardiac
valvular lesions and ECU-anomlies or the existence of ventilatory insufficiency; the necessity to make use of
major inflammatory medication %phenyl butazone or indomethacine) which may give rise to digestive complications
in particular, and lastly the individual's specialty has to be borne in mind,

A cardiac locus, ophthalmolczIcal sequelse reducing visual. aciity, an irreversible redaction '.f v-tdl capacity
by more than 15%, rrequent exacerbations, a marked rigity of the vertebral column all lead to rejection for
certain Jobs. The discovery of this zondit.ion in the pilot of a hj.h performance aircraft leads to his rejection
from that specialty tod eventually to his re-categorisation. In other cases fitness !3 normlly maintained as
long as the individual is not affected by the possible complications.

CONCLUSION

The pilot and the parachutists spines are subjected to tu types nf aggression.

1. Aggressions ).f relatively small Intensity whose effects are additive an. which belong to the type of phenomena
observed in the fatigue of metals,

2. Unusual asgrestons (crash or ejection) of high intensity which bring into play the mechaical resistanc.
the spine and possibly give rise to fractures.

Because of their frequency, thell- variety, thoir symptomatology anu their evolution, traumatic zonditions
the spine met in aviation medicine deserve a detailed study. In crash landings and ejections, as -n parachuting
accidents, the fractures are frequently at the level of TIO - L2. These clinical and radiological finding5 are
definite. The study ol sequelae is necessary brcause of the pain suffered by ;he injured sjjbjects, Atrophy of
the lateral vertebral susc!e manses represents a fundamental clinical finding and justifies exercise therapy,
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Radlog "spby of the entire srine ir necessary at the selection exapgination and in the case of injury. The
problems set by tht- supervision of aubjects with a spinal fracture are more difficult.

Tht affectionis of posture are true occupational diseases of aviators. The pain of h6licopter p!lots and the
cervical pain of the pilots of military jet aircraft. have been partirtularly atudied by an examination of the
clinical finding;, radiology and the physiopathological mechanism. The problem of vertebral pain in helicopter
pilots has now been solved by a search for the correct pilot position and by a reduction in the harmful vibra-
tions, especially those between 4-7 Hz.

The cervical pain of pilots in military Jet aircraft often appears in certain flight configurations, md in

particular, a repetition of accelerations in the Gz positive axis may give rise to alteration in the vertebral
discs.

The studies now being carried out will help to determine the frequency of this pain. The acquired diseases
(arthrosis *nd rheuratoidal pelvi-spondylitis) are frequently encountered, and the disposal policy throughout
the evolution of the condition Is influenced by a number of factors which are listed.
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